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tut nlidni yit'tp eho t ony tde tjinin ly t o plnfo'ny phdp day tit, boo difdny 
thieh hop, dam bao iiany life thony t/ita ede plnfo'ny tien van tdi irony 
dieti kien an todu nlidt Id edny viee vd eimy tpian trony. 
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du'd'ny bo vd difdny sat. Day Id tdi lieu thain klido eho ede ky sif edit 
difdny, sinh vien tliude ehuyen nydnh ddo too ky sif t au difdny vd t de 
nhd tjiitin ly tpian tain den Unit vife can difdny. 

Qua trinh hien soon vd Midi ban co the eon co tided sot * Nhd Midi 
ban Xdy du'ny vd tde yiti xin ehdn tlidiili chin on vd tiep thu mpi v Kien 
ydp v nhdiu yiiip eho eudn sdeh difo'c hodn thien hon trony Ian xudt 
ban sail. 

Dia chi lien lie: 
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hope lien he true tiep vdi tde yiti theo sddien tlioai: 0913.555.194; 
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Churong 1 

CAC VANDE CHUNG 


1.1. KHAI NIHM VE CHAN DOAN CONG TRINH 


1.1.1. Cac dinh nghia va thuat ngur 


Trong cong tac nghien ciru danh gia mot cong trinh mbi xav dirng xong hoac dang 
khai thac ngiroi ta thirong dung mot sb thuat ngu nhtr: chain doan, ki&m dinh, danh gia 
nang lire chiu tai, tinh toan dang cap, tinh toan lai ket cau, v.v... ma doi khi inoi ngubi 
chua that sir thong nhat vbi nhau v6 noi dung cac thuat ngu nay, doi khi cac khai niem 
con bi hieii I An Ion Vi vay de thuan ticn trinh bay cac van de trong pham vi tai lieu nay, 
sau day se tain thoi thong nhat dinh nghla v6 mot so thuat ngu thong dung. 

1.1.1.1. Tinh toan lai ket cau: (Recalculation) 


Chi dung cac tinh toan dua tren cac kie’n there co hoc va cac quy d;nh cua cac tieu 
churin thidt ke hoac cac tieu chuan khac dc tinh loan lai ket cau v& mat co hoc. So li^u 
ban d^u de’ tinh toan co the thu thap lir ket qua khao sat. do dac tren cac mSu thir la'y ra 
tir ket cti'u r6i dem v6 pliong thi nghiem hoac tren cac ket c&'u ihuc a cac trang thai lam 
viec khac nhau. 


1.1.1.2. Danh gia nang luc chiu tai (tham khdo tieng Anh: Evaluation) 

Bao gom su t6ng hop tat ca cac ket qua theo doi lau dai, ket qua tinh toan, do dac cac 
tham so co hoc va hinh hoc d cac tinh liuong lam vice cua cong trinh de rut ra ket luan 
\>6 kha nang chiu tai trong cua cong trinh. Cong trinh se dupe danh gia theo cac trang 
thai gibi han ve cudng do. ve nut, v6 bien dang. Ket luan se cho biet tai trong nhu the 
nao thi dupe phep tac dong len cong trinh voi muc do an toan nao do da cho trubc. Nhu 
vAy khong ban nhibu den tuoi tho con lai cun cong trinh. 

1.1.1.3. Kiem dinh 


Thuat ngir nay co xuat xu tir am Han * Viet, duoc dua \ao Viet Nam tir nhung nam 
sau 1954, khi cac chuyen gia Trung Qubc sang giiip Viet Nam khoi phuc cac tuyen 
dubiig, dac biet la cac tuyen dubng sat. Co the hieu noi dung cong tac kiem dinh bao 
gbm ca viec danh gia nang luc chiu tai cong trinh va viec thir tai cau. Vi vay khi chi tinh 
toan d6 danh gia nang lire chiu tai thi nhibu kv su quen dung thuSt ngu: "tinh toan kiem 
dinh". dieu nav tuomz diron 2 vbi viec tinh toan lai ket cau. 
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1.1.14. Thu tai 


Cong tac thu tai bao gom cac thf nghiem dung may moc d£ do dac cac tham so co 
hoc cua ket cau cong trinh (ting suat, do vong, chu ky dao dong, v.v...) dudi tac dung cua 
tai trong tlnr nao do da dinh irubc. Thong thudng ngudi ta chon tai trong thu co do Ion va 
each xep tai sao cho co the gay ra tac dung khong nho hon mure 80% kha nang chin luc 
cua cong trinh (lay theo ket qua tfnh toan lai doi vdi ket cau cong trinh). 

Viec thu lai doi vdi cong trinh vua mdi xay dung xong nh&m de xac dinh trang thai 
ban dPu trude khi khai thac nham luu trU thong tin ban dau va sir dung trong khai thac 
theo doi cong trinh lau dai. 

Doi vdi cac cong trinh cl, d Viet Nam van dua theo quan niem cu cua cac nha khoa 
hoc Nga (Lien Xo cu), thudng tie'n hanh thu tai cho cong trinh vdi tai trong thu dupe du 
kien dac biet rieng cho tung trudng hop. 

Tuy nhien d nhidu nude (Anh, Phap, My. v.v...) khong chu trong viec thu tai dudi tai 
trong thu dac biet ma chu trong viec do dac cac tham so lam viec cua cong trinh trong 
snot thdi gian dai lien tuc nhieu thang dudi tac dung cua tai trong khai thac thuong 
xuyen (khong co tinh tao ra mot loai tai trong thu dac biet). sau do xir ly thong kt* ket 
qua do de phan tich va ket luan ve chat luong cong trinh nay. 

1.1.1.5. Chan doan (benh hoc cong trinh) 


Thuat ngu nay bat dau xuat hien trong khoang 10 nam g&n day khi co nhung hop tac 
vdi cac chuyen gia xay dung ctia Phap (tieiig Phap: Pathology, tieng Anh: Asseseinent). 
Day la mot thuat ngur vay in iron tir nganh y hoc nen co ngudi dung thuat ngu ro hon la 
"chan doan benh hoc cong trinh". 

Trong chan doan can sir dung den cac kien thCrc va cac cong tac do dac, cac thf 
nghiem khong nhirng chi ve mat co hoc va hinh hoc ma con xet vc mat hoa hoc va b;in 
chat cac qua trinh ly - hoa - co - dien diln ra trong long ket cau, vat lieu lam ket cau va 
cac bo phan cong trinh ma mat thudng khong quan sat dupe. Nhung van de ve vat lieu 
hoc se duoc xem xet ky luong hon. Nhung cong cu may moc dupe dung de khao sat 
cung phuc tap hon, vf du nhu cac may do noi soi. cac may do ham luong cac hoa chat 
dac biet, cac may chieu tia X, may sieu am, may do kien dien trudng, kfnh hien vi dien 
tu, may phan tfch quang pho, may do bUng each do chan dong, do &m vong, v.v... Cong 
tac chan doan mang nhieu noi dung xem xet phat hien cac benh tat cua cong trinh (nhu 
lun sut, nghieng lech, an mon, suy thoai, lo rdng, do xop. mire do dao dong, do mdi, 
nut, tach lop, v.v...) va tim ra nhung nguyen nhan gay ra cac benh do, roi du bao su 
phat tri^n cua cac benh nay va nhung anh hirdng xau tam thdi hoac lau dai cua cluing 
den phant chat cua cong trinh - nghTa la den ca nang luc ch;u tai cung nhu tuPi tho cua 
cong trinh. 

Nhu vay co the noi thuat ngu "Chan doan" cong trinh hay ket cau la mang y nglna 
rong nhat lien quan den viec nghien ciru mot cong trinh da xay dung vd moi mat. 
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1.1.2. Nhurng ITnh vuc kien thuc lien quan den chan doan cong trinh 

Dp chQn doan ket cau va cong trinh nguori ky sir phai dua tren kien thuc tong hop ve 
ban chat vat lieu, cong nghe che tao vat lieu, cong nghe xay dung, phan tich ket cau, cac 
phuong phap do dac, cac thiet bi chuyen dung do dac, cac qua trinh an mon va suy thoai 
cua vat lipu va ket cau, v.v... Ngoai ra con phai thu thap cac thong tin vP lich sir xdy 
dong va khai thac cong trinh, nhdng ho hong, nhtimg sda chda da lam trong qua khu dbi 
vdi ket cau dang xet. Ket qua cua cac cong die kiem tra thirbng xuyen, kiem tra hang 
nani va kiem tra chi tiet doi vdi cong trinh la nhdng thong tin het sure quan trong cho 
viec chan doan. 

Tren the gidi da co nhi^u nghien cdu v6 ap dung he chuyen gia (mot nhanh cua nganh 
khoa hoc vi tri tue nhan tao) tren may tinh de trp giiip cong tac chan doan cong trinh 
nhurng chua thu duoc ket qua mong muon. Cho den nay kinh nghiem va trinh dp cua cac 
ky su v^n la yeu to quan trong nhat de dam bao chat lirong va dp chinh xac cua cong tac 
chan doan. 

Cac ly thuvet toan hoc thong ke xac suat. ly thuyet dp tin cay, ly thuyet mo hinh va 
nhiPu nhanh cua ly thuyet co hoc vat ran cung cung cap nhieu kien thurc bo ich cho cong 
tac chan doan. 

Cac nirdc dPu co nhurng tai lieu hudng dan mang tmh tieu chuiln ve cong tac kiem tra, 
danh gia ket cau cong trinh cu (ket herp cong tac tinh toan lai vdi cac cong tac do dac, thf 
nghiem,v.v...). Od chinh la nhdng tai lieu ma ky sir chan doan co the dua vao. 

Ngoai ra nhdng tong ket kinh nghiem thirc te cung rS't quan trong va nen duoc liru tru 
nipt each co he thong de d6 dang tra cdu khi can thiet. 

1.1.3. Van de thong ke 

So lieu thong ke can phai dupe cap nhat thirbng xuyen theo dinh ky va theo cac bieu 
niau thong nhat, d6 hieu, khong gay hieii lam nhurng cung ddng rudm ra. Phai vda luu 
tren giay, vda luu tren may tinh noi mang de tranh riii ro ma van tan dung dupe cac uu 
diem cua ng&n hang du lipu tren may tinh. 

1.2. KIEM TRA THU&NG XUYEN CONG TRINH 


1.2.1. Muc tieu cua cong tac kiem tra thubng xuyen 

Muc tieu cua cong tac kiem tra thirbng xuyen nham duy tu cong trinh, phat hien 
nhdng bp phan khong binh thubng de xir iy hoac bao cao cap tren tim each xu ly. Ddy la 
cong viec phai lam ihubng xuyen. 

r rhbi han kiem tra thubng xuyen: trong 2 nam diiu, cir 3 thang ciin kibm tra mot lan, 
nhurng nam tiep sau, cu 6 thang can kiem tra mot lan. Trong kibm tra thubng xuyen, phai 
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ghi nhein nhung khuyet tat anh huring den mire dp khai thac cua cong trinh vrii nhung 
dau hieu phat hien dupe bang mat thuring. 

1.2.2. Noi dung co ban 

Trong kiem tra thuring xuyen, can chu y den nhung khuyet tat tren cong trinh gay non 
sir suy thoai nghiem trong hoac gay ra bien dang Irin (lap phu, khrip noi...), su tac nuric, 
nuric thoat khring dung chri, nhung thay doi trong vung anh huong cua cong trinh gay 
tac hai hoac co kha nang gay tac hai cho cong trinh. Neu loi di vao xem cong trinh bi 
tra ngai (do bi lan chiem hoac cay moc. vv..) can phai sira ngay. Neu phuong tien 
dung de xem, ki6m tra cong trinh kho dat tai cl:6, can ghi lai vi trl do d6 duoc thirc 
hien trong kiem tra hang narr. 

1.2.2.1. Doi v&i cau 

Nhirng noi dung can xem xet, kiem tra va ghi chep gom: 

- Phan mat dirdng va diremg vao can; nhirng vi tri dong nirac (do lun). 

- Ranh le dudng, ranh thoat nuac tren cau, during vidn: dam bao sir hoan thien, sach 
se \ a thong thoang. 

- Khe noi mat during (khe bien dang): trang thai lap trat canh khe no ; . ticne d mg bat 
blnh thuring khi xe co di qua, nhirng hir hong ve rang khrip noi, kha nang thong thoat 
nuric duai khe no*. 

- Lan can, via he: cSn kiem tra dp thSng dung, dp thang theo chi6u dai cua lan can, 
trang thai bao ve chong an mon cua lan can. trang thai khrip lrip trat cua via he, ri phan 
durii mat cau, viec kiem tra nhanh bilng mat de biet. 

- Trang thai cua dam. 

- Cach thirc rut nuric mua tir phan mat dirong va dac bipt la chuc nang cua mang nude, 
ring tieu nuric va lri thoat neu co. 

Dac biet hon, a phia durii cau can xem xet va ghi nhan nhung phan sau: 

- Tru, mo, chan turing canh, chan non mo, goi cau: mute dp sach se, trang thai bri mat, 
su bien dang goi cau, ca cay co ky sinh bam vao... 

- Su dam bao tfnh lien tuc va kha nang thoat nuric o khrip noi mat during. 

- Goi cau: nhirng vet va dap, trang thai cac bp phan bao ve, nhung khuyet tat a vung 
lan can. 

- Can quan sat phia durii day ban mat cau de phat hien va ghi lai: dau vet va dap cua 
nhung phuong tien xe qua kho, su xuat Iren nhii da va cac dau vet die hien suy thoai cua 
betring, cac vet nirt, lri cot thep. Doi vrii cau thep can xem xet lrip bao ve chong gi, cac 
trang bi chong an mon (nhu protector). 



1.2.2.2. Doi voi tuong chan dau cau 

- Phan mat dudng va via he, vet nut ao dudng, sir nghieng hoac dich vj cua mep dudng. 

- Thanh vach tudng: sir bien dang tdng the, sir Ion xdn cua gach da xay, sir bong 
trdc cua gach da, su suy giam cua tirng viing nho. Neu co th£ thi xem xet ky he thong 
thoat nude. 

- Neu tudng chan dat cr tren dudng thi ngoai viec xem xet binh thudng can xem xet 
I rang thai cua da't duac chan trong cac mua khac nhau trong nam, dac biet la v6 mua 10. 

1.2.2.3. Truong hop mai doc co chieu cao Ion 

Khi do ngoai viec khao sat trang thai ph^n mat duang, phai xem them vi dang cua 
mai doc, tim cac ranh xoi, cac vet nut va bien dang chung. 

1.2.2.4. Doi v&i ham 

Ngoai viec xem xet chuc nang hoat dong cua he thong chieu sang va thong gio, c5n 
xem he thong tieu thoat nirdc, trang thai dinh vom. Chu y nhutig cii6 ro ri nude, nhung 
ch6 bi Id, nhung chd bi rai cac hat da. Cung can chu y trang thai cua dubng, ldp ao 
dudng, via he. 

1.2.3. Lap ho so 

Nhin chung viec kiem tra thudng xuyen co y nghTa dac biet doi vdi edng trinh vi cung 
cap thong tin kip thai va sbm cho vice chan doan va quyet dinh sira chua, tang cudng kip 
thai. Neu tren cau co cac thief bi khac nhu dudng cap thdng tin, dudng day dan di6n, 
dudng ong nude..., thi cung phai xem xet cac anh hudng co hai cua chung den edng 
irinh. 

tVIoi ghi chcp phai duac tap trung vao mot bo hd so thong nhat theo doi cong trinh de 
bao cao va luu tru. 

1.3. KIEM TRA HANG NAM DOI VCH CONG TRINH 

Viec kie’m tra hang nam nen duac thuc hien vao dip het mua mua 10 va lap ke hoach 
cu the’ co xet den cac dieu kien: giao thong, nhidt do, thdi fief, thuy van, didu kien su 
dung lan lucrt cac thiet bi kiem tra, v.v... Khi can thiet cac bo phan cua cong trinh co the 
khong can xem xet trong cung mot thdi ky. Trudc mdi h\n kiem tra nen xem lai ho sa cu 
va dir kien nhung hang muc cong viec cu the can xem xet, chu y cac noi dung da sira 
chira trudc do. 

Can ghi nhan ve cac thay doi trong viing Ian can cong trinh nhu: co cac cong trinh 
mai xay dung, sir thay doi dong chav, v.v... cOng nhu nhung thay doi cua ban than cong 
irinh (vf du da duac rai tham nhua lai, liru luang xe qua tai, trong luang xe qua tai, cac 
tai r, r chay no, nude ngap v.v...). Khi kidm tra can ghi lai di6u kien khi hSu va nhiet do 
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moi trufrng trong ngay thuc hien kiem tra, nhung cong viec duy tu da thuc hien giira cac 
ky kiem tra v& cac hien tupng da dl dang quan sat ngay dupe. 

Can so sanh ket qua ghi chep vdi cac ket qua kiem tra lan trudc do. Nhung cho nghi 
ngb cdn kiem tra lai vai lan vdi each quang mot khoang thdi gian nhat dinh. Nen co ve 
hinh, chup anh, quay phim de min.h hoa. 

? .4, KIEM TRA CHI TIET DOI VOI CONG TRINH 


1.4.1. Muc tieu 

Kiem tra chi tiet nham danh gia trang thai cong trinh sau m6i khoang thdi gian chung 
10 nam khai thac. Phai phan tich va danh gia dinh lupng tinh hinh suy thoai cua tirng bd 
phan cong trinh vd mat vat lieu cung nhu vi mat ket cau. 

Co the phan loai 3 kieu: 

• Ki^m tra chi tiet kin ddu tien 

• Kiem tra chi tiet djnh ky 

• Ki&n tra chi tiet ngoai le 

1.4.2. Kiem tra chi tiet Ian dau tien 


Muc dich la de xac djnh “trang thai 0" dau tien cua cong trinh ngay sau khi mdi xay 
dung xong de sau nay dbi chie'u so sanh cho nhung dot kiem tra vi sau. Noi chung khi 
do se kiem tra ti mi horn kid’m tra dinh ky va cd tim ra het cac khuyet tat do sai sot trong 
thie't kb cung nhu trong thi edng Dae biet chu y nhung de muc da cd su cd ngay luc 
dang thi cong. 

K£t qua kiem tra chi tiet la phai n6u ra dupe: 


- Nhung khuyet tat hinh hoc 

- Nhung vj tri khdng hoan chinh, hu hong do Ibi cua dcm vi thi cong, xay lap 

- Nhung su suy yeu cua ket ca'u dupe boc lp trong qua trinh thu tai (can phan tich) 

- Nhung ndi dung ma hop ddng th^u bAt buoc phai hoan thanh ngay 

- Nhung noi dung cd the de’ lai, yeu cau hoan thien nhung van cho phep dua cong 
trinh vao sir dung 


1.4.3. Kiem tra chi tiet djnh ky 


Tuy theo tfim quan trong, quy mb cua cong trinh ma don vi quan ly cong trinh se an 
dinh thdi han kiem tra chi tiet. 

Trudc khi kiem tra chi tiet can nghien cuu ky: 

- Hd so hoan cong 

- H6 so kiem tra chi tiet lan dau tien 
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- Ho scf kiem tra chi tiet g&n nhat trudc do 
Sau khi ki£m tra chi tiet can xem xet: 

- Bien ban ki£m tra hang nam 

- Cac bao cao lien quan den cong viec duy tu sua chua 

- Cac bao cao di6u tra dac biet (vi du khi dung cac phep do sieu Am, do thuy van, v.v...} 

Viec nghidn ciru cac ho so tai lieu nhSm danh gia duoc trang thai cdng trinh, nguor 
goc va qua trinh phat trien cua cac khuybt tat cung nhu cac hidn tuong suy thoai vat iidu. 

Noi chung can kiem tra ky vung anh huong lan can cong trinh cung nhu ban than 
cong trinh. H6 so bao cao k£t qua kiem tra bao g6m: 

- Ban bao cao voi noi dung: 

+ M6 ta ca'u true va chuc nang voi dac trung kich thude chu yeu, nhirng dilu kien su 
dung cua c6ng trinh 

+ Di6n giai muc tieu cua cac cong viec ki6m tra 

+ Thong ke cac phan cong trinh khbng co hoac co khuyet tat, suy thoai cung voi m6 
ta qua trinh phat trien suy thoai, anh chup, hinh ve minh hoa 

+ Phan loai cac khuyet tat theo ban chat, hinh dang cac vet nuft va du doan nguy6n nhan 
+ Muc do cac vung gi cot thep, an mon betong 

+ Phan tich dieu kien khai thac va nhung tac dong ben ngoai gay ndn su suy thoai 
+ Phan tich cac ket qua do va chufng minh bang s6' lieu do dac, nhung k£t luan 
+ Nhung ket qua ki^rn tra cua thq lan (neu can thiet) 

- Cac tai li6u bo sung: 

•» 

+ Anh chup cac khuyet tat va ma so vj trf khuyet tat tren hinh ve cong trinh 
+ Bang ke churc nang hoat dong cua he thong thoat nude 
+ So do bo trf diem do tren cong trinh 

+ Ban ve mo ta mure do suy thoai cua cong trinh, Dac biet chu y den do rong, vj tri, 
do sau cua nhung khuyet tat d hi mat hoac nhung vung gi cot thep, vi tri do tham nude 

- Ket luan cua bao cao gom: 

+ Danh gia cong trinh vao thdi diem no duqc kiem tra chi tiet 
+ Yeu cau ve cong tac duy tu, theo doi tiep va kidm tra bo sung 
+ Nhung bien phap tang cudng va sua chua theo thir tu uu tien 

1.4.4. Kiem tra chi tiet ngoai le 

Trong thdi gian kiem tra thubng xuyen hoac kiem tra dinh ky, neu thay co hien tuong 
bat thubng thi se tien hanh kidm tra chi tiet ngoai le nhung chi doi voi timg phin cua 
cong trinh ma co nghi van. 


11 



1.5. CACH DANH GlA SUC CHIU TAI CUA MOT CONG TRINH CU 


Nhibu czlu thep cu b nude ta do Phap hoac My che tao. Tat ca nhung quy dinh cu cua 
Phap ddu dua theo Phirong phap ly thuyet img suat cho phep. Noi chung, c6 th£ noi r;ing 
cho tdfi nam 1891, tri sd bng suat cho phep khi uon nam trong khoang tir a e /4 va aj 2,5 
va khoang tir <jJ5 va khi chiu cat va bang xbp xt quanh tri so a e /7 khi tinh vdi dinh 
tan. Tur nam 1891 dbn 1933, tri so ung suat nay da nang 16n khoang a e /2 khi chiu uon va 
0,72,5 khi chiu ck. 

Quy dinh gan day nhat vb ung suat cho phep nam 1970 quy dinh vdi nhung dibu kien 
chiu tai chfnh xac cac gia tri sau day dupe nang len hem 1,2 lan: 

- Ung suat tieu chu^n: 3/4 c e 

- Ung suat chiu cat: 0,45 o e 

Cung trong quy dinh nay da dat ra, ngoai vibe kibm tra trang thai umg suat phirc tap 
bang each gia dinh nhu tham khao theo tieu chuan cua "Von Mises", trong trubng hop 
uon dem, c£n kib’m tra: 

o 2 + 3g 3 < 0,81 g 2 

Nhung gpi y nay ddi vdi cac quy pham chung to sir tibn trien rat ro trong viec nftng 
cao gia tri cua umg suat cho phep. Tuy nhien tibn tribn nay khdng phai ao tudng ma phai 
kern theo hai dibu khoan co ban sau: 

1- Su tang vb chat lupng vat libu, ma chu yeu la vibe giam sir phan tan cua chung. 

2- Nang cao su hieu bibt vi ban chat vat lieu va sir lam vibe thirc ciia kbt ebu se cho 
phep du bao chinh xac vb kha nang chiu tai va dua ra nhung kiem dinh ngay cang phirc 
tap hom (tinh khong bn dinh dan hoi, tibu chuan cua Von Mises, chu y hem nira den cac 
ybu td dong hoc v.v...). 

Do vay viec su dung cac edng trinh cau thep cu ma van cho chiu mire do giao thong nhon 
nhip vdi cac loai xe tai Ion hien dai co 1 1 b giai thfch dupe bbi 3 ly le chu yeu sau day: 

- Nhung hb sd xet den sir vuot tai chu yeu trong cac quy trinh thiet ke cu thuemg gan 
giong va doi khi Ion hon cac he so co y nghla tuemg duemg ciia cac quy trinh thiet ke 
hien tai. 


- Viec tinh toan trude day thuemg dua trbn cac phueng phap rat tho so va thuemg la bi 
quan nbn lay mire do du tru an toan kha cao. 

- Co the cac so dd gia dinh trude day db tinh toan kbt ca'u thuemg thien vb an toan, 
don gian, bo qua khdng xet su tham gia chiu lire cua mot sd bo phan ma thirc te chung 
co tham gia chiu lire (vi du co the trude day bo qua khdng xet sir tham gia chju lire ciia 
ban BTCT mat ceiu ciing vdi dam chu thep). 


Viec tinh toan phai dupe lam lai bang each mb hinh hoa ket cau mot each chinh xac 
co the co duoc. 
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1.6. TONG QUAN VE CAC KY THUAT KHAO SAT, DANH GIA CAC CONG 
TRINH CAU HAM 


1.6.1. Khai niem 


Khao sat cong trinh la mot trong nhung giai doan cua chan doan noi chung; no 
dirge thi hanh vdi cac mire do so sai hay ky luong sau khi da kiem tra bang quan sat va 
nhan xet. 

Nhln chung, khong co mot phuong phap chung nao ve khao sat co the duoc ap dung 
cho toan bo cac loai cau, ngay ca cho mot loai cau. Viec lap ra mot d& cuong khao sat 
sau mot cuoc ki£m tra chi tiet v£ nhung hir hong da phat hien trong luc di thi sat cong 
trinh khi can hay nhung cuoc kiem tra bang quan sat doi vdi cong trinh mot each dinh 
ki hang nam. Nhin chung v6 viec nay can phai co mot y tuong ban dau ve nhung 
nguyen nh^n co the gay nen nhung hu hong, va do se la y kien chi dao cong tac khao 
satsau nay. 


Nhung muc tieu chinh cua khao sat duoc phan lam hai loai: 

- Quin doan chat luong cua cac loai vSt lieu hien huu; 

- Phan tich phuong phap lam viec thuc te cua ket can. 

Hai loai phan tich nay ung dung nhung kT thuat va nhung bien phap khao sat ph6 
thong. Tuy nhien, thong thirong hon, hai muc tieu nay co o cung m6t chuyen khao sat. 
Co the xay ra sir pha huy ctia vat lieu, do co mot tac dong true tiep den sir hoat dong 
cua ket cau; ngiroc lai sir lam viec khong tot cua cong trinh ma co anh huong den ket 
cau cung se bieu thi bang cac hu hong, it nil at la cue bo, doi vdi mot vai loai vat lieu 
thanh phan. 

Nhung bien phap cho phep chan doan (rang thai cua vat lieu bao g6m: 

- Nhung nghien cun va phan tich cac ket qua hu hong; 

- Nhung ky thuat kiein tra vat lieu tai cho, hoac being each quan sat, hoac bang cac 
phuong phap tinh vi va manli hon (chup X quang, kiem tra bang am thanh, ki6m tra 
bang phuong phap dien tir va cac phuong phap dien hoa). 


Nhung bien phap cho phep chan doan sir lam viec ciia ket cau rat khac nhau, va 
thuong la phai phoi hop vdi nhau khi khao sat. 


Cac bien phap do co the ke ra nhu sau: 

- Cac bien phap do ve hinh hoc (do ve cac dirong ddng mire, do bien dang t6ng the, 
do chuyen vi dudi tac dong cua tai trong); 

- Do true tiep cac tai trong; 

- Do sir lam viec cue bo ciia ket cau (do bien dang cue bo, do ung bien). 
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Mot cong viec quan trong cung cAn phai tien hanh khi nghien cu'n cac vet nirt - trong 
do chiing ta se phan biel viec kiem tra hinh hoc cac vet nut va su phat trien cua no theo 
thrii gian (keo dai, mo rong vet nut, su xuAt hien nhung vet nut mrii,...) ma chung ta se 
goi sau day la bieu d6 vet nut, va nghien criu su lam viec co hoc cua ket cAu xung 
quanh vet nut mot each trie thrii (do ket cau nhjp la chu yeu) ma sau dAy se goi la phep 
do vet nut. Do chfnh la nhung bien phap se dupe trinh bay trong cac chuong sau. 

1.6.2. Nghien ctru nhurng so lieu ket qua kiem dinh 


Nhung nghien cuu nay nhlim 2 muc tieu: xac djnh vAt lieu tai chri va thAm tra dac 
tinh rieng cua chung. CAn nhAc lai rAng de xac dinh vAt lieu viec xem xCt nhCrng tai lieu 
nay phai dupe phan anh tren nguyen tAc, trong h6 so cong trinh, no co tarn quan trong 
khong kem nhung phep thu tren mAu. No g6m co cac bien ban, chu yeu la bien ban 
nghidm thu hoac nhung tai lieu v6 chat lupng san ph^m do nha san xuat cung cap. 

1.6.2.1. Nhung dac tinh chung cua cac phep thu tren so lieu kiem dinh 

So li6u kiem dinh cua mot mAu lAy tu k6t cau thuc cua cong trinh co bat lpi Ion la no 
nam o pham vi pha hoai cue bo. Trong khi ngudi ta se tim kiem khai thac nhumg mAu 
cang nho hon nua voi so lupng gidi han cAn thiet va nAm a nhung vung phu cua ket 
cau. BAt lpi thur hai la nhung y kiAn nhAn dupe se dung dai dien cho ca cong trinh. 
Thong thuemg nhat, ngudi ta su dung nhung mAu nay d£ tham khao thAm dinh hoac la 
diem so sanh de hoan chinh nhung thong tin se rut ra tu cac phep thur khong pha hoai 
cua cong trinh. 

1.6.2.2. Nhung phep thuc co hoc 

Chung ta khong di sAu vao chi tiet cua nhung phep thu co hoc ma ta co the thuc thi 
tren cac so lieu kiem dinh vi do chinh la nhirng phep thur co hoc co di£n. 

Chung ta cung khbng nen tuemg rAng nhung phep thur do dupe thuc hien tr€n cac mau 
thu ma hinh dang va kich thude hoan toan khac bift vdi cac hinh dang va kich thuoc tieu 
chuAn. Trong truemg hpp phep do cucng do cua betdng chiu nen, cAn thiet la phai xAy 
dung mot su tuong tu giua vAt phAm thu dupe tren mAu thu tieu chuAn (vi du mAu thur 
hinh tru tron belong 15 x 30cm) va cai ta co the tim dupe tren mAu vat chi co dudng 
kinh khoang vai centimet; dac biet tren mot mau thu, mot sai sot nho cue bo se dAn den 
mot ket qua cubng do chiu lire kem, ma ta phai giG lAy no de dung cho toan bo c6ng 
trinh. Su thuyet trinh ket qua anh hudng tdi tAt ca cac nhAn xet ma co the dupe thuc thi 
tir viec khai thac cac mau thu nghiem cho den cac phep thu cuoi cung. 

Nhung phep thu co hoc co the co nhirng muc tieu khac ngoai viec nghien cuu curing 
do chiu keo hoac chiu nen. Vi du kiem tra chi tiet bieu dri quan he ring suAt keo- do gian 
dai doi voi truring hpp mAu thep co thd cho nhirng y kien quan trong v6 ban chAt cua vat 
lieu da dung lam cAu, do vAy ma mot ngurii dupe thong bao hoan toan co th6 xac dinh 
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duoc chat lupng vat lieu kim loai la thep hdn hop, vat lieu da dupe dung tut cuoi the ki 
trudc. Mot phep kiem fra kim tudng hoc se mang lai nhung danh gia bd sung v6 tinh 
trang ndi tai cua vai lieu. 

1.6.2.3. Nhung phep thu vat ly 

Chu yeu day la phep do ti trong. Cac phep do nay thubng dung cac may tia gamma ty 
trong ke trong suot. rat kho ap dung dupe cho cac cong trinh. Nhung ket qua cua phep 
do nay thubng it co y nghTa v6 gia tri tuyet doi nhung cho phep dung d6 so sanh nhung 
tham khao quan trong. 

Kiem tra bang phuong phap am thanh doi voi vat lieu betong (do toe do lan truydn 
cua song am thanh) dai dien cho mot loai k! thuat khac, thubng quen dupe dung tren 
edng trinh. No co thd dupe ap dung cho cac mlu thu - Mot phep do dudng kinh trdn mdu 
vat nhin chung khong the cung cap nhung thong tin co ich, do kich thude nho cua m5u 
vat, ngupc lai, mot phep do theo true doc ket ca'u cho phep nhan dupe cac ket qua de 
tham khao, trong do co the tham khao neu ta thuc hidn cac phep do tren cong trinh. Gin 
phai rat chu y den cac thuyet minh. Chung ta phai can nhac ky trude khi thuc hidn cac 
phep thu pha hoai cua cac mSu, bang each bat d^u lam phep do khao sat bang am thanh 
nia sau nay rat co the’ co ich. 


1.6.2.4. Nhung phep thu hod hoc 

Nhung phuong phap phan tich hoa hoc va lv-hoa rat phat trien, chung co thuan lpi la 
khong loai trur cac mau thu nho; mat khac ban chat cac y kien cung cap la dac thu chinh 
xac cua cac so lieu va it rudm ra nhu cac bien phap da neu d tren. 


/ .6.2.4.J . Due thu chung: Cac nghien cuu hoa hoc va Iy - hoa co th^ dat tidn; phep 
thu liroc thuc thi tuy thuoc vao dieu ma ta can tim; nhu tdng hop mot loat cac phep kiem 
dhth, ta can phai xac dinii mot each chinh xac muc tieu nghien cuu. Do la trudng hop 
rieng cua viec phan tich cac khoang vat cua betong da dong ran, ma luc nao cung dupe 
coi la trudng hop dac biet. 


1.0.2.4.2. Phan tich cac kim loai: Nhung phuong phap phan tich hoa hoc cac kim loai 
rat quen trong luyen kim va cho phep xac dinh dupe cac thanh phan phu, ket hop vdi cac 
phan tich kim tudng hoc, no cho phep dac thu hoa mot each day du ban chat cua kirn 
loai, ve ciiu true va each tao thanh va sau do la hieu dupe nhung dac thu ridng. 

1.6.2.43. Phan tich hoa hoc va khoang vat khoi betong del dong ran: Nhung phuong 
phap dang thuc thi thi rat hieu qua va cho phep tim ra dupe phan Idn cac y kidn cua 
thanh phan betong. 

* Lieu luang xi mdng: Giung ta dung trirdc het dac thu silic cua xi mang dupe hoa tan 
vdi toan bo xi mang va cac thanh phan voi; rhen do kho'i lupng khi cacbonic sinh ra cho 
ta xac dinh dupe luong voi, phin dich con lai la xi mang (hoac cac thanh phan con lai 
trong cong trinh). 
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* Loqi xi mang: Chung ta c6 the xac dinh loai thanh phan da hoa tan bang each cho 
tac dung vdi betong va chung ta cung dinh ra dupe loai xi mang da dung (hoac it nhat 
cai con lai). Neu ta co dupe t£r dau do nhung y kien day du vd loai xi mang da dung cho 
betong tiroi, thi co the suy them co cau pha hoai va an mon da xay ra. Ca cac phuong 
phap phan tich khoang vat va nhiet hoc cung co the dupe su dung. 

* Lieu luang nude: Co nhung phuong phap cho phep suy doan trd lai vd cac thanh 
phan h6n hop khd ban dau va dan den lupng nude co lien quan (nude trong thanh phan 
betong da dong cung). Bang cac bien phap do ti trong, chung ta cung co the danh gia 
dtroc lupng nude toan bd khi tron, vdi didu kien phai lam nhtmg gia dinh vd lirqfng nude 
khong thoat ra khi thi cong. 

* Do thanh phan hat: Bang each lam tan ra xi mang khi nung len (600 den 650°C), 
chung ta co thd khoi phuc lai thanh phan hat cua hdn hop tron ban dau. 

Tat ca nhurng bien phap nay cho phep, khi co van de dat ra, de kiem tra lai sir tuemg 
hop cua betong vdi cac dieu quy dinh tren thi trudng, no cung cho phep hieu them nliCrng 
hu hong da xay ra. Cuoi cung can nhac them rang nhtrng nghien cuu vd cac so lieu do 
duoc khong the du ap dung thich hop cho trang thai vat lieu ma each thi nghiem khong 
pha hoai cua vat lieu tai chd la khong the thieu dupe. 

1.6,3. Khai niem ve each kiem tra vat lieu tren ket cau 

1.6.3.1. Nhicng dac diem chung 

Phan ldn cac kT thuat khao sat vat lieu tai chd la nhthig bien phap ngoai suy cac ket 
qua nhan dupe tren cac ca'u kien doi churng. Hay noi each khac ngay ca khi nghien ci.ru 
tren nhung mau thi nghiem thu dupe cung phai kem theo cac phep thu khong pha h<>ai 
moi trudng tu nhien. Ngupc lai, didu can thiet nua la nhung phep thu do tren vat lieu tai 
chd cang khong chi nen lam don thuan. That vay, den nay khong co mdt bien phap thu 
khong pha hoai nao cho phep co dup>: nhung ket qua co thd du dung va du chac chan ina 
khdng co quan he vdi each khao sat khac tren cung loai vat lieu. 

1.6.3.2. Khao sat kim loqi va cap cua cau treo 

Trong mdt vai trudng hop ta co the thuc thi nhung phep thu bang hdn bi trong moi 
trudng tu nhien. Nhung ke't qua do cua phuong phap nay thudng chu yeu dupe tien hanh 
tren nhung cong trinh cu, no cho phep nam dupe tmh dong nha't cua kim loai ve mat chat 
lupng tir chi tiet nay den chi tiet khac. Do an toan cua cac cau treo dua chu yeu tren co 
so giu on dinh trong sudt thdi gian day cap do dam cau. Nhidu phuong phap khao sat da 
phat hien nhung hu hong co thd lam cho cap yeu di, su an mon va gay cua cac cap phu 

1.6.32.1. Su an mdn: Su an mon dupe phat hien bang each bien doi trd khang chinh 
luu bao quanh cap. Bat 3pi cua phuong phap nay khi dupe dung thudng xuyen la d chd 
chi dap ung yeu cau cho nhung gia tri tham khao cho day cap con nguyen ven. Do vay, 
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cAn phai thirc hien nhung bien phap trong 
ket qua. 


suot tuoi tho cua cap de co the chic chin vpi 


1,63.2.2. Gay hong cue soi cap pint: Hai phuong phap cho phep phat hien nhung hu 
hong nay: 


- Viec khao sat bang phuong phap dien-tir dua tren co so phAn ti'ch nhung nhidu cua 
dong tii trong cap duoc dat trong mot ttr truong xoay chidu do cac vet dut gAy cua cac 
soi day cap tao nen mot each gian doan. Phuong phap nay doi khi din den mot su u6c 
doan qua muc vd su hu hong, vi cac nguyen nhan khac ma ngoai nguyen nhAn do dirt 
cac spi cap co the gay nhidu dong tit d trong day cap. Tuy nhien, no cho phep biet dupe 
lieu dAy cap con nguyen hoac phai dupe xem la dang nghi ngo. 

- Viec khao sat bAng phuong phap am thanh cho phep biet dupe so lupng diem gay se 
gay ra trong mot khoang thoi gian cho phep bang each phat hien song "giat cue" xay ra 
d trong day cap vao diem giy. Phuong phap nay cho phep nhan bidt toe do phat tridn cua 
cac hu hong nhimg khong cho nhung chi dinh v& trang thai tuyet d6i cua day cap d thoi 
gian nhat dinh. 


1.6.3.23. Cach do do edng day cap 

Sir hieu biet vd do cang cua day cap tren c6ng trinh nhan dupe chu yeu qua cong tac 
thir tai ciu. Phuong phap nay doi hoi phai co cac kich thu dupe noi luc di qua cap va 
viec do luc ep trong luc di chuyen. Cong viec nay doi hoi lau edng va cin phai chd tao 
cac chi tiet goi tua dac biet de lap rap cac kich. Mot phuong phap don gian va nhanh dd 
do sdc cang cua dAy cap cung dupe ap dung bing each dua vao ly thuyet ve do dao dong 
cua dAy cang. Phuong phap nay cho phep tmh dupe luc cang tir viec do tin so dao dong 
cua dAy, biet dupe chidu dai va khoi lupng tren met dai. Day cap dupe dat o trang thai 
dao dong rat dd bAng thu cong va mot dung cu do gia toe don gian, noi vpi may phan 
tich tAn so trong mot thPi gian nhat dinh, se lAp tuc cung cap cho cluing ta cac tan so cua 
kieu dao dong, Phuong phap nay dupe ap dung cho nhung cot thep dang cap du Png luc 
ngoai, cho nhung dAy cap cua cau treo day v5ng (day cap chu) va cho day neo xien cua 
cAu day xien. 


Viec sir dung dong thoi nhung bien phap khac nhau tren cong trinh tu nhidu nam da 
tao ra mot phuong phap luan khao sat cho phep ap dung tren cac dAy cap cua cau. 

1.633 Khao sat betong bang may do do cicng 

Do cung bd mat cua betong co the dupe xac dinh bAng may do dp cung. May do nay 
cung khong co gi la moi, co the nhAc lai nguyen tAc nhu sau: 


Mot hon bi din trong mot ong dupe bin ra nho mot 16 xo ty vao de sit, trong do dau 
kia tiep xiic voi betong. Hon bi nay nay tren cai de va tro lai nen vao 16 xo. Mot chi so 
cho phep do chieu dai ciia buoc nhay. Chichi dai nay cang Ion thi betong cang cung. Co 
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nhting bang lap san tuong ting cho phep xac dinh cutting do chin nen cua betong voi tm)t 
do chinh xac lac quan den 20%. Trong there hanh cac may do do cimg co thuan lpi la 
don gian (chi can chuan hi mat bang) song ket qua do chi niang tinh chat dinh huong 
hon la chinh xac. 

Ngufbi ta co the xem nhir viec khao sat bang may do do cung co thd cap nhting thong 
tin thu vi trong nhting trirbng hop dang can "giai quyet" don gian, vi du de phat hien mejt 
vi tri co loai betong xau cua cone trinh. Viec khao sat bang phtrong phap am thanh duoc 
coi la phuong phap duy nhat khao sat co y nghia doi voi cac betong cu. 

1.6.3.4. Khao sat bang dm thanh trong betong 

1.63.4.1. Nguyen ly cua phifang phap 

Day cung khong phai la phuong phap mtii bbi vi no da xuat hien o Phap tti trtroc 
nhting nam 1960. N6i dung bao gom do toe do truy6n am cua song am thanh trong 
betong. Chinh xac hon la do thoi gian truy6n am gitia mot may phat va mot may thu dat 
each nhau mot khoang each d xac dinh. 

d 

Do vay: V = — 

t 

Phuong phap nay co the’ dupe dung mot each there nghiem de: 

+ Danh gia tinh d6ng nhat ctia betong 
+ Xac dinh va danh gia tail) quan trong cua iur hong 

+ Trong mot vai truong hop uoc doan dupe cuong do gay cua betong voi didu kien da 
co dupe mot ket qua tham tra tren mfiti lay trong diett kien ter nhien. 

De do V co the lam theo hai each: 

+ Qua man anh trong suot 

+ Tren dien tich 

Trong truong hop dau may phat va may thu dupe dat 6 hai ben thanh co chidtt day la e, 

9 c 

nhu vay co the xac dinh duoc ngay: V = - 

t 

Diuan lpi cua phuong phap nay la ta co the tim hieu duoc ben trong long khoi betong. 
Nhung phuong phap nay khong phai hie nao cung there hien duoc bdi may phat va may 
thu phai dupe noi tren cung mot day dan. Doi voi cac can dam dp chinh xac ctia V tuy 
thupc vao do chinh xac ctia e. Diett chac chan rang nett lay kich thtrdc gitia hai khoang 
mep van khuon lam kich thtrdc lhere co the dan den cac sai lam Ion. Vi viec do dupe 
chinh xac chieu day that ctia thanh vach khong phai hie nao cung thue hien dupe. Bat lpi 
cuoi cung ctia phuong phap cting la dac thu rieng ctia da so cac kT thuat do: Thudng tin 
viec do sir chenh cua dai hrpng vat ly de hon ia do gia tri tuyet doi. 
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Doi khi trong thuc te ngudi ta dat m ay ph.it va may thu cung Iren mot mat cua thanh 
vach can khao sat. 


I .(>.3.4.2. Mot vdi do do Ion , tied bo cua trang thief hi 


Ooi vdi belong thirdng, tri so ciia V xap xi trong khoang 4000m/s 


Khoang each khao sat thong thirdng tCr 0 r n = 1 -r 2m 
Bade khao sat la khoang tir 10 - 20cm 
Gia sir delta bang 10cm 


Trade day khi ap dung each do nay thirdng dung may hien song, tfn hieu thu dugc se 
duoc hien thi tren man hinb cua may do: do chfnh xac cua may do dat hon 1. Tuy vay 
each do nay bieu Id hai bat loi: 

+ Phai van chuyen trang thiet bi kha nang va cong kdnh den noi can khao dinh; 

+ Yeu cau ngirdi dieu khien co nhirng kien thuc chuyen sau. 

Ngav nay thirdng dung thiet bi ban dAn xach lay va co the nhdng ngudi khong c^n 
chuyen mon cao cung sir dung diroc. Viec do thdi gian dirge sir dung bang may do didn 
td, ket qua bieu hien bi\ng so. Nhirng may nay co mat dd chfnh xac tdi micros - no co 
nhirng tUlu ra tach biet cho phep ghi diroc bidu do ma ta nhin thay tin hieu tren may. Ket 
qua do dirge hru trdn dia cung may tfnh. 


That vay trong lTnh vuc khao sat (didu nay khong phai la bat buoc vdi cac lTnh vuc ap 
dung khac nhir viec kiem tra san xuat betong) each do chi chii y den yeu to thdi gian co 
the' nguy hiem. Do la nhdng trudng hap ma can phai chu y den bicn do cua tin hieu nhan 
duoc dong thdi phai xcm xet den dang cua tin hieu. Su co mat ciia mot hir hong co the 
bid’u thj qua viec giam bien dd va su xofin cua tin hieu ma kha nang quan sat cua tfn hieu 
duoc neu d dudi day. 


1.63.4.3. Phifong phup lnan cua phep do 

So diem do can phai thuc hien va each bo tri luong nhien dugc xe:r. nhu yeu cau ciia 
bai loan. Trong trudng hop chung khi muon kiem tra do dong nhat ciia belong tren toan 
bo ket cau: can bo tri mot dirdng do theo m : lam dd ldn (hoac 3 diem do theo khoang 
each tren nr) nhu doi vdi cac cong trinh hoan chinh, ludi do nay co the dinh hinh dugc; 
hoac la theo nhirng nghi van tren tirng phan cua cong trinh, hoac la tuy thuoc vao nhufng 
ket qua da thu duoc. Mot thuyet minh tong hgp la ket qua do kem theo ban ve dudng 
cong dang toe; chung ta ciing co the quan sat dirge nhirng bien doi ciia chat lirgng 
belong tren tdng the: mat bang. 

Mot khuyet tat hay hu hong cue bo co the phat hien dugc qua viec phan tfch bieu dd 
thdi gian/khoang each 

- Neu co vet nut bieu dd se gian doan. 

- Neu vet nut cat dudng do d diem do song phai di vong quanh vet nul trade khi den 
may thu khi may thu duoc o mot khoang each idn hon do. 
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- Khi vet nurt xuyen suot ta c6 the mat hoan toan tin hieu da nhan dupe (tuy nhien no 
cung vin co the truybn qua khong gian la cac thep nhin chung luon di qua cac vet nurt, 
no cung co thb co sir truybn am qua mot vat thb bi ket trong vet nurt. Do vay ma sir phan 
tich cua tin hieu nay dupe xem nhu mot loi the nhu chung ta da neu b tren, bbi vi trong 
truong hop nay nang lupng truybn di giam dang ke’). 

Bang each nay, sir khao sat dong hoc cho phep kiem tra do dong nha't cua betong va 
cho phep phat hien ra nhung hu hong cue bo nhung lieu rang co the dan den mot sir danh 
gia vt cubng do cua betong khong ? Day la 1 cau hoi thubng gap. 

1.63.4.4. Stfttfcmg quan giila cKcmg do chin nen von luc nen vd toe do dm thanh 

Nhieu ket qua nghien curu thirc hien b cac nude da tap trung vao van d6 nay (va tiep 
tuc con nghien cuu). Mot mo hinh toan hoc thubng co phuong trinh 


R 


C 


Ac BV, 


trong do: R c : cubng do chiu nen (bar) 
Vp toe do am thanh (km/s) 
A va B la hai he so 


(vi du: R c = 2.11 lei. 129 V,) 

Nhan dinh dau tien a day la A va B phu thuoc vao hai loai betong dirpe khao dinh. 
Dieu nay co nghTa la moi loai betong doi hoi mot cuoc danh gia. 


Mat khac, hang loat nghien cum thirc hien tren mau betong non tuoi chung to rSng doi 
voi tung loai betong ta co duoc chiic chdn mot bien thien dang ke tuv theo tuoi cua 
betong (tuc la R c ) d6i voi betong non tuoi (2 den 9 ngay), bien thien nay doi voi belong 
tuoi tu 9 den 28 ngay va trb len rat kem sau 28 ngay tuoi. Dieu nay co hau qua la lam 
giam dang ke’ do nhay cua phuong phap tren mau betong cii. 


Nhu vay can hibu rang phuong phap nay hoan toan co loi khi sir dung trong linh vuc 
kiem tra san xuat betong non tuoi nhung rat than trong khi nhan xet trong linh vuc 
betong cu: 

+ Toe do am thanh can dupe gdn lien voi ket qua danh gia betong biing cac phuong 
phap khac nti.«. 

+ Loai betong co 4500m/s khong chac chan la betong rat tot va duong nhien betong 
4000m/s cung khong chac chan la kem. 

+ Do nhay ketn nen rat kho nghien cuu tim kiem mot sir tuong tu tot. 

Trong truong hop gan day khi ta co duoc nhung khoi betong ma dac linh cir hoc 
tuong doi ro ret cita cung mot cong trinh, thi cluing ta hoan toan co kha nang, bang each 
kiem tra va nghien cuu quy luat tuong quan, xac dinh dupe cubng do pha huy rua 
betong. 
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1.7. LAI 3 HO SO KIEM TRA VA CHAN DOAN CAC CONG TRINH CAU DUONG 

1.7.1. Muc di'ch va noi dung cua ho so cong trinh 

Ho so cong trinh tap hop tat ca cac tai lieu de cung cap nhi'mg thong tin cln thiet cho 
c o quan chiu tiach nhiem quan ly. Vice nay khong nhung giup cho co quan quan ly nam 
diroe trang thai cong trinh dang khai thac de’ dam bao an toan van tai ma con giup cho 
l ong vice chuan doan, si'ra clura duqc chinh xac va khong ton kern. 

Cac noi dung trong h6 so cong trinh can duqc dam bao: 

- Cung cap cac thong tin lien quan den su hinh thanh cong trinh tir khao r»at, thiet ke, 
thi cong. 

- H6 so hoan cong va cac thong tin trang thai mhu cua cong trinh. 

Giu duqc nhung thong tin co lien quan den su ton tai cua cong trinh ke tir ngay co 
Ii6 so v6 trang thai m5u. 

Ho so cong trinh duqc chia lam 3 phtln: 

1.7.1.1. Phan 1:116 sa ve khao sat, thiet kc va thi cong 

Trong nay luu giu tat ca cac thong tin co lien quan den lich sir cong trinh ke tir khi bat 
dan khiio sat den khi xac dinh trang thai mSu. Nhat la nhirng thong tin li6n quan den d6 
an thiet kc va qua trinh thi cong. 

Cac thong tin nay duqc giu d6 diing mai v6 sau, phai dam bao tinh chinh xac va 
chan thuc. 

1.7.1.2. Phan 2: Ho so hoan cong va trang thai mdu 

Trong phan 2 phai cung cap nhung thong tin v6 cong trinh sau khi thi cong, nhung sai 
lech so voi thiet ke. Dieu quan trong la phai cung cap thong tin v6 trang thai mSu. Cac 
uoi dung trong phan nay khong duqc thay doi, chi co bo sung them trong truong hop 
phai xac dinh lai trang thai miiu (vi du: sau khi sira chua lom). 

1.7.1.3. Phan 3. Cac so do ve trang thai cong trinh trong qua trinh khai thac 

Tap hop cat: thong tin lien quan den trang thai cua cong trinh tir khi co trang thai 
rr.au. Cac thong tin nay Iuori duoc bo sung theo thoi gian, vi vriy phai ghi va sip xep theo 
ihcri gian. 

1.7.2, Thanh phan cua ho so cong trinh 

Duoi day se dua ra danh sach cac phan tao nen ho so cong trinh moi. Viec cau tao b 
cac phan se co glng that hoan thien va ngubi lap cln luu y kliong bo sot phln nao. Doi 
\ bi cong trinh nho, co the trfch ra tir cac phan dubi day de co ho so thich hop. 
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1.7.2.1. Phan dau ho so 


Nh$n dang c6ng trinh: 

Ten cong trinh. 

Vi tri cong trinh: thuoc tuyen nao, ly trinh, tinh, thanh pho. 
Then gian: ngay khoi cong va ngay hoan thanh. 

Muc luc: Bang ke cac van ban cua ho so. 

1.7.2.2. Phan 1: Khao sat, thiet ke va thi cong 


1. Cac nghien curu trudc khi giao nhiem vu cho don vj thiet ke, thi cong. 

Cac didu tra vd kinh te', xa hoi, van hoa co lien quan den dia didm cong trinh. 

Cac nghien curu ve dia chat, dia hinh, dia ky thuSt, dong chay va khu virc song dinh 
xay cdng trinh vuot. 


Ho so cac phirong an thiet kd' so bo. 

Ban lu$n chirng kinh te' ky thuat va quyet dinh phe chuln phirong an thiet ke so bo 
dupe chon. 


2. Quyet dinh nhiem vu cho don vi thi cong (hoac bien ban ho so vd dau thau va 
quyet dinh don vi th§ng thau). 

3. Hop d6ng giua don vi thi cdng va chu cong trinh (ban A). 

4. Bao cao vd ket qua tham do, khao sat chi tiet phuc vu thid't ke. 

5. Ho so thiet ke' ky thuat. 

6. H6 so thid't ke thi cdng. 

7. Ho so vd qua trinh thi cong. 

a) Bidn ban xac dinh vi tri cong trinh tren thuc dia va bien ban vi tri dong coc. 

b) Cac bidn ban nghiem thu cac vat lieu sir dung va cac tai lieu co lien quan. 

c) Bidn ban ta't ca cac thi ngliiem, do dac va ket luan thuc hien dupe trong thi cong 
voi cac danh nghla khac nhau (kiem tra, tlieo doi, giam sat). 

Cac van ban va cac tai lieu co lien quan den viec thi cong cong trinh: 

- Van ban trao doi noi bo. 


- Van ban doi ngoai. 

- Nhat ky cong trinh. 

- Bao cao vd cac cuoc hop giai quyet nhung vudng mSc ky thuat trong thi cong. 

- Bao cao vd su co ky thuSt va tat ca cac tai lieu co lien quan den viec didu tra 
va giai quyet. 

- Cac hop dong cua doit vi chiu tracSi nliiem tri eng cong trinh (B) vbi cac don vi, 
cac co quan khac (neu co). 

d) Cac bien ban vd si’ra chCra, thay doi so voi thiet ke. 
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8. Ho so ve qua trinh bao duong, bao ve tu khi thi cong cong trinh den khi dira vao 
khai thac (neu co). 

J.7.2.3. Phan 2: Ho sa hoan cong vd trang thai mdu 

1. Ho so mat bang va ban ve 

a) Ho so mat bang sau khi thi cong. 

b) Ho so hoan cong: Cac ban ve hoan cong cong trinh sau khi thi cong, phan anh 
dung thirc te thi cong (cao do, kfch thirbc, vat lieu cau tao). 

c) Cac anh mb ta luc hoan thanh. 

2. Trang thai cua cong trinh (trang thai m&u) 

a) Bien ban ket luSn, danh gia cua don vj thi cong. 

b) Bien ban thu tai cua cong trinh theo quy trinh. 

c) Bien ban kiem tra chi tiet dau tien va cac ket qua do dac c4n thiet khac. 

d) Ban do ve dia hinh trong ngay lap trang thai mau. 

e) Tai lieu tong ket g6m: 

- Liet ke nhirng khuyet tat, nhung bo phan yeu co tht? co cung voi su danh gia cua co 
quan quan ly cong trinh vb trang thai chung khi dira vao quan ly. 

- Nhirng dir ki£n v6 sir tien trien ciia cong trinh: sir lun cua nbn da't dap, nhfmg sir bien 
dang v6 ket cau co the cow , Nhfmg dir kien nay phai can cfr vao ket qua tinh toan va 
co bang tinh kem theo. 

- Nhfmg dac diem cua cong trinh: 

+ Cac tTnh khong. 

+ Cac di6u kien de xe dac biet hoac xe quan su di qua. 

+ Cac he thong dien nude mac vao cau. 

+ Cac yeu cau dac biet lien quan d£n bao ve cong trinh chong su pha huy cua moi irudng. 

- Nhung dibu kien, loi vao db xem xet cong trinh. 

- Nhung dibu kien doi voi vung lan can cong trinh. 

- Nhirng dac diem cua he thong duong vao cong trinh ciing voi tai lieu lien quan den 
cong trinh bao ve nhu ke, tudng chan... 

1.7.2.4. Phan 3: Trang thai cong trinh trong qua trinh khai thac 

1. Bao cao vi ngay het han bao hanh cong trinh, trong do la bien ban kiem tra chi 
tiet het bao hanh (doi voi cong trinh do cac tu nhan trong nude va nude ngoai bao thau 
xay cat). 

2. Tap hop cac ho so, bien ban kielm tra thudng xuyen, kiem tra dinh ky, kiem tra 
chi tiet: 
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Cac tai lieu nay phai sap xeo theo thu ur tho'i gian. Cdn kru gifr ca cac ban viet tay, 
inh, cac kct luan nhanh. Neu cony vice idem ra chi dupe thirc hien doi vbi nhung phan 
cong trinh khac nhau thi cac bien nan nrong ting phai dupe sSp xep de tien cho viec theo 
doi hP so sau nay. Trong trirong hop kicm tra chi tict de dbi trang thai mSti thi ho so cua 
kiem tra chi tint nay dope de b phan 2. 

3 - Duy tu, sira chua 

a) Ke hoach duy tu 

- Danh muc cac cong viec can duy tu mot each co he thong. 

- Danh muc cac cong vise crin duy tu dirpe thirc hien theo yeu can, day la cong tac 
duy tu doi voi nhCrng bo phan ma trong thiet ke khong quy dinh trade. 

b) Cac hoat dong duy tu, sira dura 

- Nguon goc cua viec quyet dinh duy tu dac biet (duy tu dac biet la cong vice duy tu 
lien quan den nhung ky thuat dac biet, vi du nlur thay lai thiet bi goi, khop noi mat 
dircmg, son lai cong trinh thep...). 

- Nhung quyet dinh sira chua xuat plait tir bien ban kidn tra chi tiet, cac hang muc 
sira chua va cac hop dong sira chua. 

4 - Nhung tac dong len cong trinh 

a) So lieu ve xe co: Cac ket qua dein xe, xac dinh luu lupng va tai trong xe. Neu cb 
the! cung cap cac so lieu can xe thus hien dupe. 

b) Cac so lieu ve van tai dac biet ghi nhan dupe: 

- Cac dac trung cira doan xe dac bid, doan xe quan sir. 

- Cac tac dong khac ghi nhan dupe nhu dong dat, chan dong do chat no, lu... 

1.7.3. Thiet lap ho so cong trinh 

1.73.1. Thiet lap ho so cho mot cong tnnh moi 

Ho so 1 cira cong trinh moi xay dung can lioan thien cho phu hop vbi noi dung da dupe 
trinh bay a tren 

/. Phan 1: Co quan chii cong trinh (ban A) la ngubi mb ho so va lbng vao do dan elfin 
nhu'ng hang muc can thiet. Sau khi nghiem thu cong tnnh, ban giao cho coquan quan ly 
sir dung (khu quan ly dubng bq lioac phan khu quan ly dirbng bo). 

2. Phan 2: Chit cong trinh mb va thiet lap ho so. Khi co tai lieu moi, ban quan ly tic’p 
tuc dua vao sau khi nghiem thu cong trinh ban giao cho coquan quan ly sir dung. 

3. Phan 3: Co quan quan ly sir dung cong trinh thiet lap va dang kv ngay thang cho 
ho so nay. 

Khi efir. thiet phai sira doi trang thai man, loan bo phan 3 can dua gop vao phan I 
dubi dang cac thong tin v6 qua khu cua cong trinh, co quan chiu tnich nhiem quan ly m- 



dung cbng trinh mo hb so mbi cua phan 3. Phan 3 mbi cua tap ho so cbng trinh lai bdt 
clan id ngay thang khi co trang thai mSu men. 

4. S'fa doi trang then man: Trong phan 1, da bo in' mot vi trf de dua toan bb phan 3 
cua h6 so cong trinh vao trong trirbng hop can xac dinh trang thai mSu mdi. Trong thpc 
to can phai xac lap trang thai matt trong nhung truong hop khi co nhung sir thay dbi Urn 
vc hmh hoc, thay doi cac ket cau, thay doi trang thai co hoc cua nen d&t xung quanh 
hoac co nhung sir sira chua ldn, quan trong. 

Co quan quan ly sir dung cong trinh co trach nhiem xac lap trang thai mSu mdi de 
dira vao phan 2 cua tap ho so cong trinh. Cac dieu khoan lien quan den van db nay cua 
phan 2 se tro thanh phu khi dira trang thai mftu mdi vao. D6ng then phan 3 moi cua t&p 
bo so cong trinh se dupe mb. 

1.7,3.2. Thiet lap ho sac ho cong trinh dang ton tai 

Noi chung khong the’ thiet lap cho cac cong trinh dang ten tai mot tap ho so hoan 
clrinh phii hop voi mSu da trinh bay, nhirng nen co gSng tie'n den gan v6i thp h6 so hoan 
chinh nay. Muon vay can phai chu y mot so diem sau: 

- Ticp nhan cac thong tin co s5n dang luu trCr. sap xep, phSn b6 vao cac phSn b mbc 
hoan thien nhat cb the dupe. 

- Lpi dung nhung co hoi co sira chua lbn nhSm xac lap trang that mSu moi de tCr do cb 
tai lieu dua vao phan 2 va xac lap phan 3 inbi thee hubng dSn cua tai lieu nay. 

1.7.4. Cap nhat ho so cong trinh 


I {<) so cong trinh khong the coi nhu mot tap ho so cb dinh voi nbi dung ban dau cua 
no. Day la mpt tap hb so song dong khong nhung duoc dung thiromg xuyen de giup ich 
cho cbng viec kiem tra. theo doi, day tu sira chua, danh gia trang thai ihuc cua cong 
trinh ma luon duoc bo sung, cap nhat theo tho’i gian. 

1.7.4.1. Cap nhat phan / 

Mac dii phan 1 dura nhirng nbi dung tuong doi cb dinh, nhung thong tin vc lich sir 
cbng trinh nhung cfmg cb truong hop phai cap nhat them cac thong tin moi. Do la nhung 
thong tin ma co quan quan *y sir dung ccng trinh cb the biet duoc trong qua trinh hoat 
dong cua ninth va nhung ket qua vb cac so lieu do dac, khao sat, thi nghiem zo the thu 
thap dupe qua cac nguon kliac nhau 

1.7.4.2. Cap nhat plum 2 

Cac nbi dung phan 2 cua tap hb so cbng trinh cho pbep xac dinh trang thai mau cua 
c ong trinh. Trang thai mini nay la co dinh khi chua tien hanh iap trang thai mbu moi. 
I'rong truong hop cb sira cltfra lbn hoac thay doi trang thai lam viec cim cbng trinh... dua 
den can thiet phai thiet lap trang that man mbi, thi phai dua trang thai m&u mdi nay vao 
lib so cbng trinh. 
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1.7.43. Cap nhat phan 3 

Dac dibm chfnh phan 3 cua tap h6 so cong trinh la sir tien trien theo thdi gian. 
Thubng xuyen phai cap nhat cac thong tin vb kiem tra va duy tu, sua chua, cac bien ban 
lien quan den cong viec tren mot each deu dan theo thdi gian. Ngoai ra, phai dira vao cac 
thong tin lien quan den su ton tai cua cong trinh nhu dong dat, nhung doan xe quAn sir, 
hoac xe co trong tai vupt qua tai trong thiet ke di chuybn tren cong trinh... 

1.7.5. Su dung ho so cong trinh 


Hb so cong trinh co ich khong nhOng cho co quan quan ly su dung cong trinh ma 
con cho tat ca cac co quan, ca nhan co cong viec lien quan den cong trinh. Vi vAy tat 
ca cac co quan va ca nhan co cong viec lien quan den cong trinh d6u dupe phep xem 
xet va tim hieu. 


1.7.5.1. Luu giu 

a) Ban goc cua tAp ho so cong trinh dupe giu gin theo quy dinh cua luu tru va d6 noi 
an toan. 


b) Mot ban sao hoan thien dupe giu b co quan quan ly su dung cong trinh. Theo dinh 
ky, nhung phAn bo sung b co quan quan ly su dung cong trinh phai dupe gui ISn noi luu 
tru goc. 

c) (3 co quan quan ly sir dung cong trinh, giam doc co quybn sao chep timg phAn cho 
can bo thua hanh cap dubi neu thav can thiet phuc vu cho cong viec quan ly. 

1.7.5.2. Tiep can ho so 

Mbi co quan quan ly su dung cong trinh phai co danh muc cac h6 so cong trinh ma 
ho luu giu, ngoai ra cAn thong bao dia chi luu tru hb so gbc. 


1.7.53. Tiep can noi dung 


Viec tiep can cac thong tin dirpe trinh bay trong hb so cong trinh cAn phai thuan tien 
va nhanh chong. Vi muc dich nay, ngoai bang ke de phAn loai va luu tru, doi vbi nhung 
ho so dAy can thiet lap phieu tong ket co liet ke cac tai lieu lap thanh hb so. DAu mot 
phieu ghi cac noi dung sau: 


- Ten nguyen gbc. 

- Nhung giai thich vb dac diem rieng cua tap ho so cong trinh. 

- Mot doan phan rich tom tAt ve cong trinh. 

Nhung noi co diAu kien, cac noi dung tren dupe luu tru va xir ly tren may vi tfnh. 
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Chirang 2 

KY THUAT KIEM TRA CAU THEP 


Trong chuang nay trinh bay ky thuat kidm tra ap dung cho cac loai c£u ma dam chu 
cua no dupe che tao tir sat, thep bao gom: 

- Cac loai cau dam dac, c£u dan, cau co dinh hay di ddng, c£u vlnh ciru hay c£u tarn, 
dam thep lam viec doc lap hay lien hop v6i ban betdng cot thep (BTCT). 

- Cac c5u treo va cSu day xien. 

2.1. VAT LIEU CAU THEP 

Tren tuyen dirdng bo Viet Nam cac cdng trinh c£u thep cu chu yeu do ngiidi Phap 
xay dung. Sau nay cau thep o midn Bac su dung chu yeu cac loai thep cua Lien Xo (cu) 
va cua Trung Quoc. Phia Nam dung chu yeu thep cua My. Hien nay cac ctlu thep moi 
thudng dung vat lieu thoa man cac yeu cau cua TiSu chutm My ASTM va Tieu chuan 
Nhat Ban JIS. 


Bang 2-1: Mot so dac trung cua cac loai thep cua Phap tren cau cu 


Quy trinh 

■ " ~i 

Srit keo nen (kG/mm 2 ) 

Thep keo nen (kG/mm 2 ) 

Quy trinh 29-8-1891 

6,5 hay 8,5 

8,5 hay 11,5 

Quy trinh 8-1-1915 


8- 13,5 

Quy trinh 10-5-1927 


13 hay 14 

Quy trinh 7-2-1933 

AC 42 13 hay 14 


AC 54 18 hay 19 

.. . _ . . . . . 


Sat thep cua Phap 

- Tir nam 1850 den khoang 1920 sat luyen xuat hien va phat trien rat nhanh; thep xua't 
hien khoang nam 1880 - 1890 va trong ghn 35 nam song song t6n tai 3 loai vat lieu 
gang, sat va thep. 

- Tir nam 1920 den khoang 1929, sfu luyen thuc te bien mat va dupe thay the bang 
thep mbm ma cac tfnh chat cua no thap hon chut it so vdi cac tinh chat cua thep E24 
ngay nay. 
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- Tu nam 1930 den khoang 1939 thep mdm chiem uu the, nhimg ta cung tha'y xu.it 
hien cac loai thep co gi6i han dan hoi rat cao (loai AC54) nhimg co di6u bat loi lit do 
bdn keo rat thap, ft co kha nang han va nhay voi hien tuong tap trung t'rng suat. 

Sat thep cua Lien Xo cu 

Doi voi ket ca'u lien ket bang dinh tan, thl rhudng dung loai thep cacbon thirong can 
nong CT3 c£u dac biet che tao cho ket cau cau. Doi voi ket c£u nhip hen ket han thudng 
dung loai M17C. Thep CT3 cau va M16C de gia cong nhu khoan, dot, got, tien. O trang 
thai nong cac loai thep nay dl ren nhu non, dap bep. Ca hai loai thep d6u han duuc. 


Bang 2-2: Mot so dac trimg cua cac loai thep Lien Xo (cu) tren cac cau cu 


Cac loai thep 

So hieu 

Do ben keo 
nho nha't 
kG/mm 2 

Gidi han 
nho nha't 
kG/mm 2 

Do dan tv doi 
nho nhA't 

% 

Thep cho cac bo phdn chinh 

CT3 c3u 

38 

24 

22-24 

fhep dinh tan 

M 16 

38 

23 

22-24 


CT2 

34 

21 

26 


Bang 2-3: Mot so dac trung cua cac loai thep hup kim thap cua Nga 


Oac trang co hoc 

06 chay dai kG/cm 2 cr nhiet dp n C 

Thi nghiem uon d 
trang thai nguo^ 

Mac 

thep 

Chieu 

day 

thep 

can 

(mm) 

Cudng 

dp 

N/mm 2 

(kG/mm 2 ) 

Gidi han 
chay 
N/mm 2 
(kG/mm 2 ) 

06 

dan 

dai 

% 


2-60 

3-70 

1 va 2 

3 


-20 

sau khi 
hoa gia 

1 

2,3 

Khong nho han 


8-32 


345(35) 

21 

29(3,0) 

29(3,0) 

29(3,0) 

29(3,0) 

29(3,0) 

a=2a 

d=1,5a 

15XCH 

33-50 

470-6/0 
(48 68) 

335(34) 

19 

- 

29(3,0) 

29(3,0) 


29(3,0) 

d=2a 

o=1,5a 

1CXCH 

8-15 


390(40) 

19 

39(4,0) 

29(3,0) 

29(3,0) 



d=2a 

<J=1,5a 


16-32 


390(34) 

19 

- 



29(3,0) 

29(3,0) 


d=1.5a 


33-40 

510-670 

(52 68) 

390(34) 

— 

19 

- 

29(3,0) 

29(3,0) 

29(3,0) 

29(3,0; 

d=2a 

d=1,5a 


Ghi chu: 

/. Do dai va dap cua thep can loai o' trim# (hat nang chi dupe xdc dinh a nhiet do -40 X, 
(hep can loai 2 o nhiet do -60 Xi va thep can loai 3 6 nhiet dp -70 X2. 
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2. Thep can tie thep 10 XCH chieu clay > 16 mm vd tit t hep 15 XCH cd chieu day > 33mm loai 
1 se khong die too. 

2. Khi xdc dinh do dai va dap tren man loai 1 theo OCT 9454-78 gid tri do dai va dap Id 10 
T/cnr (1 kGM/cni) se tan hern theo chi so d bang tren. 

4. Theo yen can cua ngiecri dot hang do dai va dap cua thep can dinh hinh tie thep loai 1 mac 
10XCH vd 15 co chieu day < 11mm dupe xdc dinh a nhiet do -60X1 hoac -70X1. Khi do gid tri 
dai va dap phdi tuemg Ung vdi tieu clmdn cua hang tren 


Bang 2-4: Mot so dac trung cua thep hop kim thap lam cau cua Trung Quoc 


Loai 

thep 

— 

Chidu day 
mm 

ITir keo 

lTiir udn 

. . 

Gidi han bdn 
N/mm 2 

Gidi han 
chay N/mm 2 

Dp dan 
ti ddi % 

Goc udn 

Ban kinh 
cong 


16 

510-660 

346 

22 

o 

O 

oc 

d- 2A 

IGMn 

17-25 

480-660 

326 

21 

o 

o 

00 

d= 2A 


26-35 

470-620 

316 

21 

o 

O 

OC 

< 

(N 

II 

T3 


2.2. CAC HlTHONG vA KHUYET TAT THUCJNG XU AT HIEN TRONG CAU THEP 
VA NGUYEN NHAN CUA NO 


2.2.1. Vat lieu kim loai 


2.2.1.1. Gang 

Loai vat lieu nay diroc diing cho cac cong trinh cii, chu y6u xay dung trude nam 
1860. Thudng dung la loai gang xant, co cau true graphit dang la va peclit sat. Loai vat 
lieu nay chiu nen rat tot, nhung cliiu kco lai rA't kem, chi so la R m < lOkG/mm 2 kem theo 
chi so dan dai khi gay xap xi 0. Cudng do va dap kem, co the do duoc qua phep thu va 
dap. Cho den nay hau nhu d nude ta khong con nhung cau do Phap xay dirng lam bang 
loai vat lieu nay, nhung con mot so bo phan nhu lan can bang gang tren mot so efiu thep 
van ton tai. 

2.2.1.2. Sat 


Sat chu yen dupe sir dung cho nhung cong trinh xay dung then ky 1860 - 1900. Do la 
loai sat iuyen hdn hpp trong 16 giua gang va xi oxy hoa (goi la sat hdn hop). Trong cau 
true kim tuong hoc thd hien co nhidu tcVji bao boc, kim loai dupe x6'p thanh lop, cac ldp 
bao boc gom co oxyt sat silic va phot pho. Nhung dac tmh co hoc khoang 20kG/mm 2 
den gidi han dan hoi va khong cd bieu hien deo. Nang krpng gay do va dap (thu nghism 
va dap) nhin chung rat thap ngay d 20°C. Kiia nang han cua vat lieu sat nay rat kem do 
cd cau true thanh tung ldp, cac ldp bao boc lai cd ham luong ldn them vao do la tmh 




vuot dan rat kern. Viec sira chfra bang phuang phap han cho loai vat lieu nay chi ap dung 
duac cho nhirng dieu kien thich hap dac hiet. 

2.2.13. Thep mem 

Loai v&t lieu nay duac dung cho cac cong trinh da x&y dung ttr nhirng nam 1900, 
nhirng sir ti6n bo cua nhOng phuang phap sir dung sat da cho phep thu duac nhieu san 
pham co dac tinh va hinh thuc khac nhau. Nhirng thep luyen theo phuang phap 16 
Thomas co ham luong azot cao va nhirng dac tinh vuot dan rat tha'p. Loai thep luyen theo 
phuang phap 16 Martin co nhirng dac tinh vuot dan tot han nhi£u va kha nang han cao 
han. Cac phuang phap hien dai luyen bang 16 thoi oxy cho phep co duac nhirng loai thep 
dong nhat va co dac tinh cao. 

Trudc khi thuc hien viec sira chua being phuang phap han kim loai cu, cac ky su nen 
dung loai vat lieu co nhirng dac tinh da trai qua cac giai doan ky thuat sau day: 

- Phan tich hoa hoc. 

- Thi nghiem kim tuang hoc. 

- Thi nghiem ca hoc thich hap theo nhirng kha nang lay miu. 

Trong khu6n kho cua viec tinh loan iai cac cong trinh khi khong du di6u kien xac 
dinh nhirng dac tinh ky thuat thuc te bang cac so lieu thut, chung ta co the dung cac gia 
tri nhu sau: 

- Sat luyen h6n hap 5e 200 N/niin 2 

- Thep mem 5e = 220 N/mm 2 

- Thep ban cirng 5e ~ 340 N/mm 2 ~ 3400 kG/cm 2 = gicri han dan hoi 

2.2.2. Cac phuang phap ghep noi 

Phuang phap bul6ng ducre dung de ghep nhirng ca'u kien mat bang gang sau do den 
mot vai chi tiet ghep tren hien trirang ciia cac cong trinh bang sat thep. 

Phuang phap dinh tan la phuang phap ghep tuyet hao doi vai cac cau sat, sau tai cau 
thep cho tori nhung nam 1950. 

Phuang phap han da duac ap dung dau tien vao nam 1935. Tir nam 1950, no da nhanh 
chong thay th£ phuang phap dinh tan, dac biet trong cong tac che tao san a cong xuirng. 
Hien nay a Viet Nam da co mot so nha may che tao ket cau cau thep co cong nghe han 

dat trinh do quo'c te va san xuai drrac nhung c^u thep hien dai tren duang sht Ha Noi - 

thanh pho' H6 Chi Minh. 

Phuang phap dung bulong, cirimg do cao (BLCDC ) duac phat trien cho cong tac lap 
ghep cac c<tu kien thep tai hien truemg tir khoang nam 1960. Tir nam 1973, lien ket 
BLCDC da ap dung a ctiu Ham Rong. Trong nhibu nam qua, nhidu c&u dan thep a nuac 
ta da dung rong rai lien ket BLCDC, cac bulong nay do Trung Quo'c, Nga, Dai Loan 
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che tao. Nha may Ngo Gia Tu ciia Bo Giao thong van tai cung c6 thoi gian san xu&'t 
BLCDC cho ket cciu cau thep va da dung cho mot so c&u nhir cau Do Quan (Nam 
Dinh) nhirng chat lupng chua cao, do vAy khi dieu tra cau thep co loai BLCDC nay 
can xem xet ky hon. 

2.2.3. Cac hu hong do gi 


Nhirng hir hong chit yeu thubng gap tren be mat cac ket cau thep thubng la do sir pha 
hoai bbi bi an mon kim loai, sir giam cap do thirong keo theo sir giam kha nang chiu lire 
cua vat lieu tao thanh, phat sinh sir pha hoai do cac loai tai trong di lai va do sir qua tai 
trong qua trinh sir dung cong trinh. 


Gi trong cau thep nhin chung phat trien rat da dang, no co the la lop gi deu tren toan 
bo b<! mat cua mot chi tiet hoac gi sau thanh diem, ket qua la gay nen mot so cac hir 
hong sau: 


- Lam giam chi^u day chi tiet, cue bo hay tren dien rong. 

- Lam thung bung dam, lam mat sau dien tfch vao mep canh dam. 

- Lam gi mat tiep xuc giGa hai chi tiet ap sat nhau. 

- Lam siti be mat, lam tnrong no phan chi tiet giua hai chi tiet lien ket. Can phai liru y 
rang sat bi 6 xy boa dubi dang gi sat lam tang the tfch rat dang ke (tir 8 den 10 lan). 

- O cac chi tiet chiu irng suat thay doi xuat hien vet nut gi ung suat. 



Hitih 2.1: Gi nut dan can Long Bien 


Hinh 2.2: Gi thanh lien ket cheo dtfai 


2.2.4. Cac nguyen nhan gay gi 

Vice phan tich nhirng hu hong do an mon phai kem theo viec xac dinh lai tiet dien du 
tliUa cua kim loai nguyen trang. Nguyen nhan gay gi co nhidu nhirng tnrbc he't la co 
khiem khuyet trong khau thoat niroc, 6 mot cong trinh khiem khuyet nay co the b cac 
mire do khac nhau,thi du: 

- Do thieu khong bo tii thoat nirbe ngay tir thiet ke ban dau de nubc tir mat cau chay 
tir do xuong he dam. 
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- Co bo trf thoat nude nhurng khbng dii nang lire de cho mot phiin nude khbng thodt 
qua he thong ma chay tu do xuong he dam. 

- Co bb trf he thong thoat nude nhung giai phap khong tot, gay hau qua xau nhu lam 
dong nude d6 nude chay true tiep vao cac bo phan cau dupe bao ve. 

- Co bo trf he thong thoat nude ngay tu dau nhung thieu cham soc. bao quan lam tbc 
he thong, de nude chay tu do vao cong trinh. 

Doi vdi mot so cau ven khu vuc dan cu, dan db rac, phong ue bira bai len cac bo phbn 
dam thep grin hai ben mb ebu, lam cho cac goi cau, dam chu, dam ngang dau nhip, gibng 
lien ket thudng bi gi nghiem trong hem d cac vi tri khac. Ngoai ra cac nguyen nhan g&y 
gi co the la: Ket cau co cau tao khong hup ly nen co nhung chb co the trCr dat, cat, bui, 
nude tham chi co co moc lam am, g&y gi c6ng trinh. 

- 6 mot so cong trinh tbn tai cac vung d6 dang cho nude chay qua hoac giu am thu^n 
lui cho viec gay gi cong trinh. 

- Mot so cau b vung nui va nong thbn, gia sue di qua phong ue len mat eSu, tir do ch;\'t 
ban chay xuong ma dudi dan chu va he dam mat cau gay gi. 

- Moi trubng khi hau nhiet ddi noi chung va vung ven bien thudng co do am rat cao, 
hui nude bien lai mang theo mudi nen tdc do gi tren cac cong trinh cau thep d nhung 
vung nay thudng rat cao. 

- C) mot so cong trinh, trong mot so chi tiOt ket cau, ngay tir thiet ke ban dau hoac 
trong qua trinh sira chua sau nay da khong cho phep con ngudi tiep crin vdi mot so vi trf, 
nen tai do mat thep khbng co di6u kien bao dudng, lam sach gi va quet sun bao vd 

- Trong mot so cong trinh, dac biet la u cac cSu cu bo trf khoang each dinh tan qua 
ldn nen kha nring ep khft cac chi tiet bi anh huung, phan lun bi gi va truung no gi. So 
khac do su dung ban dem kha mong, khe hd giira cac chi tiet khbng du khbng gian de 
lam sach gi va quet sun bao v6 nen d Id cung bi gi. 

- Mot so nguyen nhan gay gi khac cung thudng gap la khi su dung sai sun chong gi: 

+ Cong trinh bo lau ngay khbng dupe sun bao ve do thieu von, thieu sir quan tarn ctia 
cac cu quan quan ly. 

+ Su dung sun khbng dung, co nui da dung sun trang trf thay sun chong gi. 

+ Chon he thong cac ldp sun khbng phu hup, cac ldp son khong tuong thfch vdi nhau 
gay hau qua ngupc lai. 

+ Thi cong sun sai so vdi chi dfin, chu£tn bi b£ mat thep trude khi sun khbng tot, cac 
ldp sun qua day hoac qua mong, sun khbng du sd ldp sun quy dinh. 

+ Thieu su bao dudng, cham soc dinh ky ldp sun bao ve. 
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2.2.5. Hit hong to lien quan den kha nang chju lire kem cua vat lieu 

NhCrng vat lieu kim loai cu va ke ca mot so loai vat lieu hidn dai ddu co tinh bdn dac 
trung k hi thir sue ben va dap, co xu huomg bi pha hoai gion trong luc thi cong mik sai 
pham k hong ludng duoc tao ra vd't khSc gay hien tuong tap trung urng su£t. Hien tuong 
nay carig gia tang khi o trang th<u nhiet do thap nhung sau su lan truyen cua sai sot rift 
co the cung xay ra b nhiet do cao hem. 

2.2.6. S>u pha hoai duoi tac dong cua tai trong dong 

Tai trrong dong tren cdu thep tao ra nhung tac dong lien tuc d^n den nhung pha hoai 

nhu saut: 

- Do hien tuong moi cua kim loai chiu nhung chu ky img suat dong. 

- Do hien tuqng va dap. 

Nhumg pha hoai chu yeu 

* Nlhilng vet nut Jo moi: Hien tuong moi g&y ra nhung vet nut chu yeu trong nhung 
vung rma tap trung nhung ung luc nhu: Thay doi dot bien cua tiet dien, do tao cac vet 
khac (1(5, ch6 clt... ) tai trong qua cue bo... 

* Mtoi ghep hang dinh tan (hoac hulong) khong choc chan: trong cac lien ket dinh tan 
thuong chiu nhung noi luc cat Ion, doi khi cac dinh tan phai chiu nhd d^u. Khi cac dinh 
tan bi pha hong, su pha huy cac chi tiet ghep co li6n quan cung se phat sinh theo. Su 
lung lay cua cac dinh tan long thubng lam toet to them cac 16 thanh hinh ovan: su hu 
liong did tuong ung 6 cac mep co thd gay ra nhung vet nut cua cac chi tiet. Nhung luc va 
d6p va nhirng hien tuong moi se lam tang d5n qua trinh pha hoai. 

* Ti.nh trang cap kenh a cac go'i tUa - Cac goi tua hi ket - Cac goi tua la cac didm 
cung, l;a noi chiu nhung noi luc cue bo rat lbn lap di lap lai se gay nen h6u qua: 

- Liam bep cac goi cu kie-u mieng dem bang cni (each lap dat cu). 

- Liam hu hong lop dem bang vua dudi cac ta'm thdt goi thep. 

2.2.7. Cac khuyet tat ve mat hinh hoc va cac bien dang khong binh thudng 

Co t he ke den cac khuyet tat dac trung sau: 

- Dait nham vi trf cac chi tiet ket cau, loai khuyet tat nay dan den viec truyen luc trong 
ket cam khong dung vdi viec tfnh toan thiet ke ban dau, anh hubng tdi chuc nang lam 
viec so vdi chi tiet chinh xac von dT phai co. 

- Do vdng tinh qua Idn. Nguyen nhan co the do sai lam vd xir ly kfch thude hinh hoc 
khi thi edng. Noi chung cung co the la do hau qua cua viec tang qua tinh tai so vdi tmh 
loan th.iet ke, giam tiet kiem dam chu so vdi thiet ke hay do hau qua cua su vuot tai dot 
iigdt tren can kien. 
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- Khuyet t&t ve do bang phang, do bien dang cua tarn ton sau khi gia cong ket cau. 

- Bien dang do xodn (venh ket cau) sSn co tir trirdc khi gia cong, sau mot qua trinh 
khai thac hay khi xe tai va cham vao ket cau. 

- Cac hien tirong mat 6n dinh khi thanh bi nen doc true, ban bi venh do bi nen, dam hi 
cong nghieng canh. 

Bien dang do lam vice qua tai cua mot bo phan ket cau (thanh trong dam dan) do 
trong chien tranh mot bo phan nao do trong dan bi dirt gay phan bo lai noi lire (chu 
yeu la tinh tai) trong toan dan, cac thanh nhan them lire virot qua nang lire cua no gay 
bien dang. 

- Cac khuyet tat phat sinh khac do si’ra chua sai. 



Hinh 2.3: Dam nganx hi cons hn ' n (le ’° Hinh 2.4: Thanh dims cua 

can dan hi cons venh 


2.2.8. Cac khuyet tat mang tinh co hoc 

- Thieu khe co dan dau dam, lam ciio dam khong tir do chuyen dich, nguyen nhan co 
th6 do khdng bo tri ngay tir thiet ke ban dau hoac co bo trf nhirng khong du khoang each 
can thiet, hoac bi cac vien soi, cac manh vd betong roi xuong chen khe hd. 

- Cac goi, cac khdp cau bi chen, khong chuyen dong tir do dirpe, nguyen nhan co the 
ia goi, khdp bi cac hat bui, cac hat soi, cay co chen cimg, do cac san pliiim cua gi, iihi^u 
khi do giai phap ket cau khong tot, dam dinh tan bo tri qua gan viing lam viec cua chot, 
ngan can sir iam viec blnh thirdng cua chdt. 

- Dinh tan long, bulong xiet khong chat, dinh tan hay bulong bi long hay bi thieu 
Trong trirdng hop do cac chi tiet cd kha nang bi dich chuyen tirong ddi vdi nhau, trirbng 
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hop nghiem trong co the’ dan tori sir pha huy hoan toan so’ dinh tan hay bulong trong lien 
ket, lam long toan bo lien ket. 

- Long lien ket do cac nguyen nhan dr tren co thd gay ra sir bien doi trong chirc nang 
lam viec cua cac bo phan, khong con dung nhu thiet ke ban dSu. 

- Dich trugt cac chi tiet, la chuyen vi trf tircmg doi so vdi vi trf ban dau cua hai chi tiet 
tiep xuc vdi nhau ma khong dugc lien ket (vi du: dich chuyen goi cAu). 

- Dich trirot he mat cau: La chuyen vi trf khong binh thudng cua ca he mat c£u trdn 
cac goi k6 theo hirofng doc hoac hudng ngang. 

- Bo trf thieu mot vai chi tiet ket cau lam cho boat dong binh thubng cua ket ca'u bi 
venh, dirt gay cac thanh hoac chi tiet trong thanh (ban giang, thanh giSng trong thanh to 
ho^)...) do bom dan trong chien tranh gay ra. d nhicu cong trfnh da nhieu nam sau chien 
tranh cac hir hong nay v^n khong dirge sira chira. 

2.2.9. Hien tugng nurt hoac dirt gay 


* Cac loai vet nut dac trung trong cau thep thudmg gap 

- Nurt noi tai moi han. 

- Nirt thep ca ban ngay tai chan moi han hay trong than kbt efi'u. Nurt kim loai co the 
la do k6't qua cua su lan truyen vet nirt tu vung lAn can moi han hoac do trip trung umg 
suat qua ldn do co khuyet tat v6 mat hinh hoc hay khong danh gia dung churc nang lam 
viec cua cac chi tiet ket criu. Hat hien tugng nay deu do moi gSy ra. 

Nut moi han hay thep co ban gan moi han co thd la do chgn sai vat lieu, do di6u kien 
hail hay giai phap lien ket khong tot. 

* Hien tuang dirt gdy cac chi tiet co the do nhidu nguyen nhan khac nhau: 

- Cac nguyen nhan co hpc co the la do kfch thude tiet dien khong du so vdi y6u efiu, 
do su tang ngoai luc vugt qua sue chiu cua ket cau, do umg suat tap trung qua lorn, do su 
lan truyPn vet nurt. 

- Cac nguyen nhan ly - hoa: Hau qua cua gi lam giam tiet dien, hay gi nut dudi ung su^'t. 

* Dut bulong, dinh tan: co th6 la do nhiSu nguyen nhan khac nhau: 

- Gi lam mat tiet dien toi dut bulong dinh tan. 

- Truong no do gi d cac chi tiet dugc lien ket dan den su qua tai cua dinh tan, bulong. 

- Su chuyein dich lien ket. 

- Trong bulong cudng do cao, bulong xiet qua luc. 

2.2.10. Cac dang hu hong khac 

Ngoai cac hu hong ke tren, d cau thep ta con gap nhieu loai hu hong khac. Cac hu 
hong nay hoac la d phrin lien ket hoac hong ngay tren than chi tiet. 
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1 . 4 ^ 

- O cac lien ket dinh tan do la cac hur hong: Khong ep khft cac tap ban, lech mui dinh, 

kenh mui dinh, long dinh. 

- C) lien ket bulong: long ecu. 

Doi vbi lien kd't bang bulong cubng do cao ta co th£ thay hir hong do dich chuyen cac 
mat lien ket co thd khi tfnh toan da sir dung he so ma sat, he so momen xiet khong chuan 
hoac co sir trung ung suat trong than bulong theo thbi gian, hay cung con do khiern 
khuyet khi xiet tao lire cho bulong khi thi cong. Doi khi ta con gap cac hit hong nhu sir 
gi giua cac chi tiet duqc lien ket, nut, dirt dau dinh tan, dut bulong do xiet qua lire. Loai 
hu hong khac ta thubng gap la hien tuong ma't on djnh dan h6i cue bo, mat on dinh than 
dam, bien dang nghieng, xo4n tong the dam. Ngubn goc cua nhung hu hong nay chu 
yeu do hien tuong qua tai gay ra (xe nang di qua, dat kich khong dung vi trf khi kich 
sua chua). 

2.2.11. Doi voi dam thep lien hop ban BTCT 

Khi di6u tra dSm thep lien hop BTCT 1 , ngoai cac van de giong nhu doi vdi dam tb ip, 
can dieu tra trang thai lien ket giua ban BTCT voi thep, cac ch6 nut vo, nhu voi b be mat 
day ban BTCT va cac hu hong khac. Doi voi cac dam co chieu cao lbn, co th^ xuS't hien 
cac ch6 phinh cong o ban bung do bien dang han khi che tao. Neu di6u tra thay duemg 
ten cua phinh nay lbn qua 15-20mm thi lam them cac subn tang cuong ngang. 


2.2.12. Cac hu hong doi voi ban mat cau 


2.2.12.1. Ban mat cau go 

Cac hu hong nay bi6u hien dubi cac mtic do nghiem trong khac nhau, tu bong lbp van 
lan can den hong cac van chiu lire chinh co th^ do cac nguy6n nhan sau: 

- Tac dong tong hop cua dong xe lam hu hong lien ket cac lbp van. 

- Bien dang cua vat lieu dubi tac dong cua moi trubng. 

- Bi muc hay bi cac ky sinh tan cong. 

2.2.12.2. Mat cau betong 

Cac hu hong b mat cau betong co lien quan tbi cau tao ban dSu: 

- Kich thubc thiet ke khong dii dap irng tai trong hien tai. 

- Thieu lbp chong tham, tham chi khong co ca lbp atphan, banh xe chay true tiep len 
mat ban betong dieu do dan den cac hu hong: dang co hoc, nut vb mat ban, tham chi sap 
do cue bo. Dang ly - hoa: lam tham nubc, bien doi cac thanh phan ket cau hay moi noi, 
gi tai cac vi tri tiep xuc ban betong vbi canh dam. 

Dac biet trong phan lbn cac trubng hop hu hong la do ket hop ca hai nguyen nhan neu 
tren va thubng dan den mot tinh huong nghiem trong hon. Do su thieu hut ve kich thirbc 
hinh hoc cua cot thep trong ban lam xuat hien vet nut co hoc, ket hop vbi vide thieu lbp 
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phong nude, Ibp betong bao ve cot thep do do ban bi ycu dan. Cl day can km y phan biet 
ro vet nut do ban chat co hoc vdi vet nut do co ngot cua betong bdi betong co ngot la 
hien tupng tuong doi binh thirdng. 


2.2.12.3. Ban betong trong dam lien hap 

Loai ban nay dupe ke tdi trong do ciing chung cua dam lien hpp, ve nguyen ly tong 
the day la loai dam rat kinh te. Cac hu hong a day vei co ban giong vdi cac hu hong 
thirdng gap d ban betong lam mat cau thong thudng, tuy nhien ve nguyen tac khi da xuat 
hien vet ndt trong ban cSu co su luu y dac biet \6 kha nang chiu lire tong quat cua ca he 
dam. Trong loai d^m nay con phai dac biet luu y tdi su lien ket giua dam kim loai va ban 
belong thong qua cac neo, dac biet la b vung d^u dam. Neu co hien tupng mat lien ket 
thi nguyen nhan chu yeu la bo tri khong du neo. Loai hu hong nay da dupe khlng dinh 
ja co doi hoi phai tien hanh ki6m loan lai kha nang chiu luc cua ket c&'u. 


2.2.12.4. Cac loai mat cau khac 


a) Mat can kim loai: d nude ta mdi brit d^u dung dudi dang true hubng: cac loai hu 
hong dac biet doi vdi loai ban nay cho den nay con chua dupe phat hien. Theo kinh 
nghidm nude ngoai thudng co hai loai hu hong: 

- Mdi han trong ban bi nut, hong hoac vet nut xuat hien trong ban than ta'm ban. 

- Cac lien ket co xu hudng bi ndi long lam tang do long leo va do cap kenh dan den 
tang dSn sir rung dong cho cong trinh. 



Hinh 2.5: Hu hong nun can go 



H 'mh 2.6: Hu hong nut ban mat can betong 


hi Mat can ban Robinson: Kieu nay mdi dupe dung d mot so cong trinh, vf du d cSu 
Bac Giang (dudng sat), thay the cho cac mat c^u bang go vdi muc dich giam nhe cong 
lac duy tu bao dudng, giu nguyen hoac giam dupe tlnh tai. 
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O loai mat cSu nay ta thudng gap cac hir hong: 

- Nut bong phan betong vdi ban do he thong lien ket khdng day du. 

- Gi phtln ban thep, dac biet tai vi trf ke tiep xtic ban va dam mat cau. 

- Long lien kd't han vdi dam gay cap kenh lam tang dan do rong cong trinh. 

2.2.13. Hir hong dien hinh cua cau treo, cau cap 

r, ^ 

O cau treo ngoai cac hir hong giong nhu cac loai cau thep thudng co, no con cd 
nhung hu hong mang dac tfnh cua ket ca'u, phu thuoc vao phirong thuc van hanh dac biet 
cua cau treo. 

2.2.13.1. Hu: hong khoi neo va ham neo 

Dupe cau tac d£ chiu luc keo truyen tir cac spi cap bien, cac khoi neo va ham neo ft 
khi xuat hidn cac hu hong chung, neu co chang la su chuyen dich do mat on dinh cua dat 
nen, do hau qua cua su xoi la do lu lut gay ra. Chua tha'y cac hu hong do nut gay khoi 
neo d vi trf ham neo, cac hu hong thudng xuat hi6n tren cac spi cap hay tren cac bo phan 
neo cap, didu chinh cap dat trong h^m neo vi trong ham neo do am thudng ra't cao, sau 
moi trail mua hay bj dong nude nen ra't thuan lpi cho gi phat sinh va phat tri6n. 

2.2.13.2. Hithongatru cong cau 

Co hai dang tru cPng: 

a) Dang ngam ctfng: Dang cong nay thudng bang ket cau BTCT, cung cd nhung cong 
trinh cd cong cau ngam che tao tur thep hinh, tru cong ngam phfa dinh cong thudng dupe 
dat goi dd cap di dong. Su chuyen djeh cua gdi cap do h6 thong con lan dam nhan. Bui 
va gi dan dan ngan can chuy6n dong cua cac con lan, tham chf lam liet hoan toan. Trong 
trudng hpf) dd khi hoat tai di qua, cong cau phai chiu cac luc rat Ion. Cac luc nhu vay 
khong dupe du kien trifdc nen dSn den cac hu hong dac biet la nut chan edng. 

h) Dang t o Ichop d chan cong: Ve nguyen tSc cong loai nay chi dupe tfnh toan thiet 
ke d^ chiu luc nen, tuy nhien do do linh dong cua khdp chan cong khong dam bao, cong 
cd th6 phai chiu cac momen uon phu. Ngoai ra trong trudng hop edng co dang hinh, 
khung, gap tai trong khong doi xifng se gay nen xoSn van cong. Trong trudng hop do 
lien ket ngang tren qua cung hay khong du cung deu cd the la nguyen nhan gay ra 
nhung bidn dang khdng binh thudng cho cong cau. 

2.2.13.3 Cap, con neo cap va he dieu chinh 

Cap dung pho bien d cau treo la loai cd cau tao cac spi xo4n quanh 1 spi d gifra goi la 
loi theo nhi6u lap vdi cac bude khac nhau. Trong cap mdm loi d giua biing spi day gai, 
tarn dau chong gi. Cau tao cua cap nhu vay khdng dam bao tfnh chong tham ddi vdi 
nude chay doc cap. Ngay ca trong trudng hop cap km, trong dd cac spi Idp vd dupe tao 
thanli cac tied dien cd dang kin kbit spi nay ben spi kia va mac du sir dung c-i cac san 
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pham bao vc goc dau nhirng cung khong tranh khoi tinh trang nude tham khi hoi nude, 
nude chay doc theo dirdng cap va gay gi d nhirng diem tru nuoc. 

Giua cac day cap co khoang 25% 16 rdng va rat d£ nhay vdi sir an mon, dac biet c£n 
phai nghien cum den vi tri cac diem tru" node phu thuoc vao cau tao hinh hoc cua he treo. 
Khi cap diroc sap xep theo Idp, cac diem trCr nude chfnh la: 

- Day dudi cap gan con neo, dac biet neu no diroc dat trong ham neo bi rim. 

- Phan day parabol giua nhip. 

- Xung quanh cac gong lien ket day deo. 

- Quanh gong cap gan ho neo. 

- Trong long bo cap trong trudng hop cap diroc bo thanh chum. 

- Cac hu hong cue bo cua lop bao ve. 

- Cac bien dang cua day cap la didu kien thuan lpi de nirdc vao (di qua cac ban dem...). 

- Nhung vat can cua nude chay doc cac day cap (chd noi day treo). 

- Nhirng viing bao quan thirdng xuyen hoac gan nhu thirdng xuyen trong m6i trudng 
aim uiVt (budng neo, viing cay coi, viing bong toi...). 

* Tinh xam thife co' hoc cua day cap: 


- Tiep xuc cua circ loai ky sinh giua day cap va moi trudng (phan xay - ban mat) hoac 
giua chung vdi nhau 

- Tinh xam thtre do luu thong di lai (cap giir) 

Dc dam bao co mot hoat dong nghiem tiic cua cac ban bi g^fp uon cac day cap c^n 
phai dam bao lam that sach cac con lan de sao cho dien tich tiep xuc khong bi dan dat ra 
hoac bi an mon. Neu khong phai thuoc pham vi nay (thirdng xuyen) ndn du doan nhirng 
rui ro do cac tru cai gay nen (thirdng thay ddi theo ban ch&'t cua day tru cai) bdi vi sir 
hoat dong tong the cua cac cong trinh cd the! thay ddi. Ddi vdi cac day neo va cac dai, 
can phai dam bao cac chi tiet do khong bi gion. 


Viec neo cac day neo vdi cac ban mat la mot diem dac bidt bdi vi m6t vai giai phap 
da sir dung cd the ddn den nhirng sai sot do xoay d khdp (cd the bi mon) hoac do tac 
dong tich tu cua nude va cac rac rudi (se bi an mon). Viec di6u chinh do cang day cua 
edng trinh cho phep edng trinh dam bao tarn hoat dong thich hop. 


Ngoai ra trong cau treo con cd the xuat hicn mot so cac hu hong khac: 


- Cac hien tup'ng dong hoc sinh ra khi hoat tai di qua thudng bi khuech dai do dac 
tinh cua cong trinh. Hien tuqng nay xay ra d moi diem cua ket cdu, 

- Cac con neo cap la diem co' dinh cirng, no cd the chiu cac lire dot bien, cac con 
chcm trong con neu che tao qua mem se dd dang bi bien dang gay tut cap trong cdn. 
Mot khi xay ra hien tuo’ng nhu vay, se dan den viec phan phoi lai lire cang trong he treo, 
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noi lire trong cac sod cap khong con dong ddu nua, co sqi phai chiu tai qua vdi kha nang 
thiet ke von co. 

He dieu chinh cap bang tang do thudng bj gi neu khong duqc bao dirong thudng 
xuyen, d dang ket cau nay thudng gay ra sir tap trung umg suat d phan ven ket hop vdi gi 
co the gay nut d do. 

Trong cau cap can quan turn t&i cac chi tiet sau • 

- Coc cap: 

+ Sd' luong coc cap so vdd thiet kd 
+ Khoang each giua cac coc cap trong mot moi lien ket 
+ Do chic ch4n khi bat coc 

+ Cac hien tuqng hu hong quanh coc cap (gi - dirt soi) 

- Puli, khuyen cap: 

+ Ducmg kinh va cac kich thude khac co phu hop vdi loai cap khong 
+ Nut vo 
+ Gi, ket 

- Dan noi cap: 

+ Chieu dai doan dan noi 

+ Hinh dang, bude so day co dung chieu quy dinh khdng 
+ Cac hu hong quanh vung dan, n6i (gi - dirt sod) 

2.2.13.4. He thong day treo thang dieng 

Trong cac c4u treo d nude ta cac day treo thing dung chii yeu dung cac thanh thep 
tron, han huti co edng trinh dung day treo thang durng blng cap. Cac day treo thang ddng 
co c4u tao phan tren lien ket vdi cap chii, nhan dudi lien ket vdi he mat clu. Cac day treo 
nay chiu cac luc khac nhau, phu thuoc vao cau tao va vj trf cung nhu dang hinh hoc cua 
he treo va he mat cau. 

Cac day treo thing dung dung thanh thep tron thudng cau tao c.i hai nhanh, lien ket 
vdi nhau blng nhung thanh ngang, a dau mdi thanh thudng han cac chi tiet noi chot vdi 
tru dam va he day, ft thay cac hu hong d sd day treo dai, co chang sir khong chinh xac v6 
do dai mdi nhanh gAy phAn bo luc khong d6u. Cac dAy treo thing dung dang nay d gan 
giua nhip chi co mot khdp ngln va cung, co kha nang bi dirt do da khong duqc tinh tdi 
viec chiu cac momen uon thay doi phat sinh do cac chuye’n dong tuong doi ciia he mat 
cau vdi dAy tren. Cac dAy treo thing dirng lam bang cap cung co nguy co bi gi giong nhu 
d cap chii, dac biet la d phan dlu day treo phia dudi, tai vi tri cap di vao con, lien ket dAy 
treo thing dung vao he mat cau. 

Cac ma om dAu tren cua dAy treo thing dung co the bi truqt, gAy ra sir phAn phoi lai 
luc cang, lam tang them luc trong cac dAy treo thing dung ben canh gay nen hieu irng 


40 



clay chuydn. Dac biet of cac day treo thing dung gin tru co do dbc day chit ldn ndn de 
tuot, truot ve hudng giua nhip. 

2.2.13.5. He mat cau 


Trong cac mat cau treo d nude ta co ket cau cung nhu vat lieu lam mat cau rlt da 
dang (gd, betong, ban thcp betong lien hop...). Ngoai cac htr hong thudfng thly d mat clu 
noi chung con co cac htr hong mang dac tinh ket clu treo. 

Nhung hu hong dac trimg chu yeu lien quan den van dd mat dn dinh (vdnh, v5ng) do 
cac nguyen nhan: 


- Hb mat cau khong du cung. 

- Cac goi tua bi kcp. 

- Dd cang con "qua mem" (cac de qua long va day cap dlu khdng du cang, tai trong 
qua Idn...). 

Hem nua nhung van dd do lire dap d cac goi tua thudmg nay sinh ra nhung hu hong vd 
goi co dinh tham chi dan den nhirng hu hong cua chinh cac dim. 


Da so clu treo d nude ta co he dim mdm, co thd xem cl'u true he mat clu gdm cac bd 
phan ridng biet, noi vdi nhau bang chot lien ket ddc lap vao cac dly treo thang dung. Su 
suy yeu cua cac day treo thing dufng nay hay sir truqt cita cac lidn ket chung vdi cap chu 
din den sir bien dang cac chi tiet tirimg irng, ve h\u dai co thd pha hong edng trinh. Cac 
bien dang thudng gap la: 


- Bien dang tong thd theo chieu doc clu dudi tac dung cua tinh tai. 

- Bien dang tong the theo chidu ngang clu do vide tut ma dm cap dly treo thang ddng. 

- Bien dang cue bo do phan bd lai lire cang trong he treo hoac do xe qua tai di qua. 

- Bien dang cue bo dd 1 . ngdt sinh ra do va cham cua xe cd tren clu. 

2.2.13.6. Goi cau 


Goi cau noi chung d phan ldn cac edng trinh lam nhiem vu truyen phan lire goi xuong 
mong tru va cho phep khe co dan cua he mat clu lam viec binh thudng. Trong clu treo 
goi clu khdng lam viec hoan loan gidng nhu vay, no dong vai tro quan trong hon nhidu. 

> x •> 7 

- O do no truyen phan lire goi thang dung, thay doi nhanh va thudng xuydn 

- O dd no chiu cac chuyen vi hay lire doc rat ldn, luon thay doi va khdng gidng nhau 
khi hoat tai d ; qua. 

- La noi tiep nhan lire ngang do gib sinh ra. 

Nhirng hu hong chinh dac trirng cua cac loai got nhirau: 

- Bi mai rnon. 

- Bi tach rdi cac diem cd dinh (ban mat hoac goi lira). 

- Sai lech cua khoi xay goi tua hie dim nen. 
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Sir t6n tai va thay doi nhanh cua cac lire khong gian tac dung len goi thudng lam cho 
goi chong hu hong ma ph^n ldn cac goi nay da khong dupe tfnh toan day du dung then 
su lam viec da dang cua no. Su xuong cap nay lam tang do gio, keo theo sir va dap ngay 
cang manh, gay nen lire dong trong ket c£u ngay cang ldn, gay hu hong goi cau, lam dap 
vo khoi betong ke goi. 



Hinh 2.7. Goi con Ian hi nghieng qua mUc 


2.2.14. Dieu tra cac hir hong do moi 

Pha hoai moi xay ra do su phat trien dan dan cac vet nut trong thep. Can chii y phat 
hien cac vet nut moi b cac viing chiu lire cue bo, ncri co ung suat tap trung ldn nhat. 

2.2.14.1. Doi voi thanh dan 

Cac hu hong moi nang nhat thudng xuat hibn trong cac thanh cheo gan giua nhip cua 
cac loai dan chu dinh tan. Tai do can tim vet nut moi dau tir vung ung suat tap trung cau 
nhat a hai mep 16 hang dinh thur nhat va hang dinh thir hai dem tir giua thanh cheo cua 
dan. Thong thucmg vet nut se phat trien theo hudng ngang tori true doc cua thanh dan, vet 
nut se qua cac 16 dinh. Doi khi dau vet nut 6 vj tri khoang 1/5 dudng kinh 16 dinh doc 
theo true cua thanh cheo, hudng ve dau thanh. De dieu tra vet nut moi phai ket hop vdi 
viec phat hien cac dinh tan bi hong. Su xuat hien vet nirt moi luon luon duoc bao trude 
bang hien tuong long dinh tan noi cac cau kien do. Can chu y la trong cac thanh cheo va 
thanh dung co cac dinh tan chiu cat hai mat thi ft phat hien thay hu hong moi d lien ket. 
Doi vdi cac thanh cua he lien ket giua cac dan chu nen tim vet nut moi tai cac mep 16 
dinh lien ket chung vao ban nut. Luu y la cac hu hong nay lam cho dao dong cita he lien 
ket tang them ro ret khi tau chay qua cau va ngudi didu tra co thd dd dang phat hien. 

2.2.14.2. Doi v&i cac dam he mat cau 

Gin liru y rang hu hong do moi la mdt trong cac hu hong pho bien nhat va phat trien 
manh nhat trong dam doc, dam ngang va hudng lien ket cua chung vdi nhau. 

Vet nut thudng gap la vet nut b canh nam ngang cua thep goc canh tren cua dam doc, 
no xuat hien luc dAu b ben dudi vet gan song thep goc nay va phat trien theo song do rdi 
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thay doi hubng di ngang vbi clam doc. Hau qua la canh thep go: Jubi ta vet b| cong venh 
ro ret. Can phat hien cac hu hong nhu vay b thep goc phla trong va phfa ngoai cua dam 
doc co ta vet de len tren (loai dam doc khong co tarn ban thep canh nSm ngang, chi co 
cac thep goc canh) va b cac thanh bien tren cua nhung dan ma ta vet kb true tie'p lea 
thanh do. 

Loai vet nut moi cung xuat hien b ban bung dam doc theo hubng nghieng di tu mep 
16 dinh cua cac hang dinh thu 2, thu 3, thu 4 (dem tir dinh dam doc xub'ng) cua lien ket 
darn bung vbi thep goc noi thing dung. Do la hau qua su long dinh tan b libn ket bung 
darn vbi thep goc lien ket gay ra ung suat tap trung cao b mep 16 dinh. Khi tai trong lap 
tac dung nhibu lAn, b mep 16 xuat hien cac vet nut moi trong bung dim. Do do, ybu cAu 
kh» di dibu tra phai luu y phat hien. 

Doi vbi kibu cdu tao dam doc xep chong len tren dam ngang nen chu y phat hibn vb't 
nut moi b canh cua thep goc canh tren trong doan ttra cua dam doc len dim ngang va 
doan tira cua dam ngang len dam chu (nhu b dan VN64...). CAn luu y day la kieu cau tao 
co tuoi thap va do chiu moi thdp. 


Doi vbi cac dan lien ket bang bulong cudng do cao cung nbn chu y phat hien vet nurt 
b lien ket cua dam doc vbi dam ngang, dac bibt la khi cau tao khong co ban ga. Cac dinh 
tan va bulong cubng do cao cb thb bi pha hoai b cac hang dinh, bulong phfa tren va phfa 
duui cua thep goc lien ket vbi bung dam ngang, b do dinh bi nho dAu do momen ub'n tac 
dung trong lien ket. 



Hinh 2.8: Vet m'n do moi Hinh 2. >. v et ma do moi 6 ban bung dam doc 

a thanh xicn cua dan 1 L am ngang; 2. Dam doc; 3. Vet nift 

Khi dibu tra cac ket can nhip han va ket cau nhip da duqc tang cubng bang han (dac 
biet la han va tan trong thbi gian chien traoh't an hru y tim vet nurt do moi xuat hien 
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trong cac mdi han va trong thep ca ban quanh do, dac biet la moi han d vung ung suat 
tap trung cao do ngoai tai va noi co umg suat du do han gay ra. 

Cung nen tim vet nurt moi d cac chd co thay doi dot ngdt mat cat nhu do cat bat tap 
ban thep, do han tap them ban thep, do han sirbn tang cudng dumg, han dam ngang. 

Cac vj trf co 16 thing, 16 khoet, cac d£u moi han la noi co thd tim thSLy cac vet nut moi. 

Doi vdi ban ca c£n tim vet nit moi do ung suit phap qua Ion gay ra bdi momen non 
trong lien kdt d^m doc vdi d^m ngang. Cac vet moi nay thircmg gap d mep 16 dinh hang 
thu nhat hay hang thu hai, d6rn tCr dam ngang. Bidu hien bao trudc sir xuat hien cua 
chung la su long cac dinh tan len ban ga. Nhu vay luc dieu tra can xem xet toan dien ket 
hap vdi vi6c kidm tra dinh tan. 



V£t nut 


Hinh 2.10. Vet nirt do moi 
a thep got canh cua dam doc 



Hinh 2.11. Vet nirt do moi d ban ca 
1. Ban ca; 2. Dam ngang; 

3. Dam doc; 4. Vet nut 


Doi vdi thep goc canh dudi va gitra bung dam doc cung can phat hien vet nut moi tir 
mep 16 dinh hoac d vung tap trung ung suit phap ma co hien tuqng gi ro ret hoac cac hir 
hong v6 mat ca hoc. 


Doi vdi thep goc dung lien ket dfim doc vdi dam ngang nSn tim v£t mil moi d goc cua 


no, dac bi£t la khdng co ban ga hoac ban ga qua yeu. Nguyen nhan vet nut moi nay la do 
thep goc lien ket bi truydn lire doc qua Idn tir cac d5m doc den trong khi cac dam doc 
lam viec chung vdi cac thanh bi6n c ua dan chu. Mot nguyen nhan khac la do momen 
uon Idn d chd lien kdt vdi d^m ngang 


Hinh 2.12. Vet nirt do 
moi a thep goc canh 
duai cua dam ngang 
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Doi vdi ket cau nhip dai tren 80m nen tim them cac vet nut moi trong thep goc canh 
dudi cua diim ngang nhidu nhip. Nguyen nhan co ban cua nurt la do qua tai vS mbc do 
lam viec chung cua dam he mat cau vdi thanh bien dan chu. Hidn tuong nay thudng gap 
d cac ket cau nhip nao khong co ch6 cat dirt dam doc. 


Khi dibu tra can Urn y la trong cac thanh dung cua dan va cac cau kien khac chiu tai 
trong cue bo thi muc tang cua cac hu hong mdi se nhanh hem so vdi dam ngang. Nhu 
vay, khi dieu tra xet kha nang cho doan tan nang qua ctiu can phai luru y rang cang tang 
tai trong true xe thi cang lam giam tuoi tho cua cac cau kien chiu tai trong cue bo. 

Dau hieu be ngoai de de nhan biet ve nut moi la cac dau hieu gl mau nau den va ldp 
ran nurt cua ldp son phu. Co the dung may do sieu am, may Roughen va may do kieu tir 
di6n de do cac vdt nut ran nay. Trong didu kien chi quan sat blng mSt, khong co cac 
dung cu do chmh xac thi co the dung cac dung cu don gian: Tren doan ket cau thep neu 
quan sat thay nghi ngd thi can cao sach hon vao vet gi, danh sach bang giay nham rdi 
boi nhanh dung dich 10-15% ax it nitoric len be mat, sau do rua b6 mat bang nude, lam 
khd rdi dung kinh lup phong dai de tim va do vet nirt. Doi khi co the dung due nho, s&c 
de bat di mot ldp phoi mong tren bd mat doc theo dudng nut Id mb dd phat hien ky hon. 
C'ung co the do theo dudng nut vdi mot mui kim nhon cung. Co thd dung dung dich chat 
nhan mau do do vao vung nghi ngd, dung dich nay se tha'm sau vao va di lan theo vet 
nut, giiip cho ngudi didu tra dd phat hien vet nut hem. 


2.2.15. Dieu tra cac hu hong do gi 


2.2.15.1. Can phan biet hai dang gi Id 


- Gi bd mat: Vei gi phan bb tuong doi dong deu tren be mat cau kien thep. 

- Gi cue bo: Vet gi xuat hien cue bo va thinmg phat trien sau. 


Loai gi bd mat thudng co chu you a thanh bien dan chu va ban canh cac ddm doc, 
dam ngang, cac thanh ciia he lien ket girra cac dan chti hoac giua cac dam doc. Can phat 
hien cac vet gi cue bo d cac cau kien phan xc chay. Doi vdi dam doc nen tim vet gi cue 
bo d ban nam ngang canh tren hoac canh nam ngang cua thep, goc canh tren tai chd 
cluing tiep xiic vdi ta vet. Noi do lerp son thudng bi hong sdm va co do am luu cuu. 


2.2.15.2. Doi vdi ede ket cau nhip cd dudng xe chay tren 

Cac thanh va nut dan nay thudng bi nhiem rac ban va bi gi nang hon so vdi cac ket 
cau nhip co dudng xe chay dudi (cung co mat can tran). 

Trong ket cau nhip chay dudi co mat can trail thi cac bo phan d thap hon mat xe chay 
thudng bi gi nang hon va phai kiem tra ky. 

Trong cac nut cua he lien ket doc noi voi thanh bien dan chu va vdi dam doc thudng 
bi gi do bain rac dat. Can didu tra muc do gi cua cac dam ngang theo cac vi tri thudng 
xuat hien la: 
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- C3 ban canh va ban canh dudi tren doan noi dam ngang vdri ban nut n^m ngang cua 
he lien ket doc giCxa hai dan chu. 

- 6 ben dudi vi tri ong nude thai tir toa tau. 

Doi khi tai cac vi tri do co vet gi an thung het do day ban thep. 

2.2.15.3. Trong ket cau co bade dinh tan lien ket Ion horn 160-200 mm 

Khi birdc dinh qua 1cm thi giua cac bo phan khong dupe lien ket chat che khien cho gi 
dd dang xuat hien va phat tridn, doi khi gi nang den mure cac san phrim gi truong nd ra 
lam cong phinh mdt s6' doan chi tiet thep goc, lam dirt ddu dinh tan. Khi didu tra can tirn 
va mo ta loai hir hong noi tren. 

2.2.15.4. Doi voi cac ket cau nhip dan chay duoi 

CSn xem xet phat hien cac vet gi b cac thanh cua he lien kd't doc tren giira hai dan 
chu. Nguyen nh&n co the la do khoi cua dau may co chda cac chat an mon. Nen liru y sn 
phat trie’n cua gi tren cac bd mat tiep xuc co the an mon lam mun cac cau kien dirqc nd'i 
vdi nhau. Nguyen nhan la do cac sai sot ve cau tao b cac loai dan cu nhu cac khe ho qua 
nho, co cac hoc lorn chda rac b^n va dong nude, birdc dinh qua dai. 

Doi vdi cac loai dan cu co cac thanh cheo bang thep hoac thep goc ma dau cua chung 
kep hai ben sirdn dumg cua thanh bien dan thirdng bi gi d chd noi vao sirdn dung do. Hu 
hong gi loai nay co thl tim thay d cac thanh bien dudi cua dan chu, d do trong cac tap 
ban thang dung co cac dinh tan each xa nhau va trong thanh cheo cua he lien ket doc 
gom hai thep goc cung thuomg co bude dinh qua dai. Cac dan Pigcau cu do Phap de’ lai 
thirdng co vet gi nay. 

2.2.15.5. Ghi chep mo ta 

Yeu cau khi di6u tra cac chd gi phai ghi chep, mo ta, th^ hien tren ban ve so hoa, do 
chieu day ban thep con lai sau khi df.p bo ldp gi de lay so lieu phuc vu viec tinh lai ket 
cau. Khi can thiet co the D'y mSu sai pham gi dem vd phong thi nghiem dd phan rich 
hoa hoc. 


2.2.16. Dieu tra cac hir hong ve mat co hoc va pha hoai gion 


Cac hu hong co hoc thudng xuat hien trong thdi gian khai thac cau do tau xe chay va 
quet vi kho gidi han thieu. Cung co the do ldi che' tao va lap dung. Co rat nhidu hu hong 
co hoc do bom dan gay ra trong chie'n tranh. 


Khi dieu tra cin phan biet cac dang hu hong co hoc sau day: 
+ Durt cac bo phan don le. 

+ Cong venh, meo cue bd. 

+ Cac Id thung, ve't lorn, vet dap. 
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Phai dieu tra ky moi bo phan co hir hong c a hoc. Muc do nguy hiem cua chung dirge 
danh gia luy trudng hop cu the’ thco kich tlurdc lur hong, trang thai irng suat va su thay 
doi trang thai ung suat do do co hu hong. Doi vdi cac bo phan bi va dap phai di£u tra ky 
tim vet nut a vung bi va dap true tiep va vung bi bien dang cudng birc. Trong cac bo 
phan bi cong venh thudng co ung suat dir, neu la bo phan chiu nen ma lai cong venh thi 
kha nang chin luc se giam nhieu do bi uon doc. Cac cho cong v6nh can dugc do ve cu 
the Neu dudng ten cua did cong venh d cau kien bi nen ldn hon 1/7 ban kmh quan tinh 
mat cdt trong mat pb.Sng cong venh, con trong can kien bi keo ma dai lugng noi tren ldn 
hofn 1/10 chidu cao mat cat thl phai tlnh toan lai xem co cho phep de nguyen su cong 
venh ma v^.n cho thong xe hay khong. Neu khong dirge thl can kien nghi vd viec tang 
cudng sira chda va theo dac biet ngay. Ciin dac biet luu y cac thanh bi nen a mat clt to 
hgp 111 a bi hu hong cong venh dong thdi a he thanh giang, ban giang giua cac nhanh cua 
can kien. Phai tinh toan lai ngay va neu can phai gia co ngay. 

Cac hu hong do pha hoai gion rat it gap a nude ta vi khong co nhiet do am nhung khi 
didu tra cac ket cau thep dirge han noi hoac han va co the phat hien vet nut do cong nghe 
han kem chat lugng, dac biet la do dung thep hinh, thep ban che tao tu loai thep soi cua 
L ien Xd (cu ). Loai thep nay khong chiu han. Sir pha hoai gion xay ra la do phat trie’n tdc 
thdi cac bien dang deo khong thd hien ro ret. 

2.3. CONG TAC K1EM TRA CAU THEP. CAU THEP- BETONG LIEN HOP VA 
CAU TREO 

2.3.1. Y nghla va muc dich cua cong tac kiem tra 

Cac loai cong trinh can thep, can thep betong lien hgp, can treo, do anh hirdng cua 
moi trudng, do lao hoa cua vat lieu, do bi khai thac lien tuc... diln den vice hu hong cua 
cong trinh d nhung muc do khac nhau. Vice theo doi kiem tra se cho phep phat hien sdm 
cac hu hong, khuyet tat trirdc khi chung phat trie’n tdi muc do tram trong. Viec kiem tra 
vi the giup cac nha quan ly co mot sir hicti biet day dii ve trang thai (tinh trang) cua cong 
trinh, de co hinh t la lie quan ly va plurong phap duy tu, bao dudng thich hop, dam bao 
nang lire thong qua cac plurong ben van lai trong dieu kien an toan nhat. 

Doi voi cau thep, ngoai trir sir pha huy do moi ma khong dugc phat hien kip thdi, rat 
it khi cong trinh bi sap do dot ngot neu khong phai chiu cac ngoai tai tac dung qua ldn 
so voi tai trong thict ke. Khi bi pha huy do moi. ket can cling phai trai qua mot qua trinh 
phat trien vet nirt thco nhung giai doan nhat dinh. vi the neu co su kiem tra theo ddi thudng 
xuyen de cac vet nut trong can thep dirge phat hien kjp thdi thi viec dam bao an loan 
khai thac cung khong phai la vice khb. Chmh vi the cong tac theo ddi ddi vdi cac cong 
trinh giao thong van tai noi chung va can thep noi rieng de’ tren co so do danli gia dung 
tliUc trang cong trinh, dinh ra cac bien phap duy tu, bao dudng sua chua hoac tang cudng 
cong trinh diing liic va citing mire la dieu v6 cung quan trong trong cong tac quan ly. 


47 



2.3.2. Phan loai cong tac kiem tra 

Co the phan cap thanh 3 muc d6 kiem tra nhu sau: 

1- Kiem tra thirong xuyen; 

2- Kiem tra hang nam; 

3- Kiem tra chi tiet. 

Trong kiem tra chi tiet, tai lieu phan biet ba loai: 

- Kiem tra chi tiet dau tien; 

- Kiem tra chi tiet dinh ky; 

- Kiem tra chi tiet dac biet. 

2.4. PHUDNG PHAP KIEM TRA THUONG XUYEN 


Viec kilm tra thuomg xuyen cSn thuc hien ddi vdi tat ca cac cong trinh khong ke quy 
mo. Cfin dac biet liru y d cac thori diem kha dl co anh hudng tdi cong trinh nhu: Lu, lut, 
bao, dong dat... hoac khi co sir va quet cua cac phucmg tien giao thong. Kiem tra thudng 
xuyen nham phat hien kip thai nhung hu hong thong thuang dong thcri phat hien va nam 
bat kip thcri doi vdi cac loai hu hong dac biet, nhung bi£n dang lorn, phat hien nhanh ma 
ne'u dua vao ket qua kiem tra hang nam thi da muon. Kiem tra thuomg xuyen con nham 
theo doi su phat trien cua nhung hu hong da phat hien tu nhung lln kiem tra trade. 

2.4.1. Thoi han kiem tra 


Noi chung, thcri han tied hanh kiem tra thuomg xuyen nhu sau: 

- Trong hai nam d4u ke tu khi dua cong trinh vao khai thac cu 3 thang kiem tra mot l£n; 

- Cac nam tiep sau: cur 6 thang kiem tra mot lan. 

2.4.2. Don vi thuc hien 


Viec kiem tra thuomg xuyen doi hoi trinh do chuy6n mon cua nhung can bo tien hanh 
kiem tra a muc do binh thuomg nhung ve phucmg dien khac, viec kiem tra thuomg xuyen 
doi hoi phai do nhung nguoi am hieu ky cang qua khu cua cong trinh, hien trang cua no 
cung nhu cac dieu kien xung quanh anh hudng den no, do chfnh la cac can bo cua ccr so 
quan ly true tiep dong tren dia ban co cong trinh dupe kiem tra. 

2.4.3. Nhurng noi dung can kiem tra 

Phan truorc da gidi thieu mot each t6ng quat nhung noi dung phai thuc hien khi kiem 
tra thudng xuyen cho cac loai cong trinh noi chung, do la: 

2.4.3.1. Doi v&i cau thep va thep lien hop ban betong cot thep 

- Nhung vi tri dong nude d phan dudng dau cau; 

- Tinh trang thoat nude mat cau. 
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- Khc noi giua cau voi dircmg; 11 nh trang ghi nhln cac hu hong, tieng dong b£t 
thuang khi xe co di qua, kha nang thoat nude dudi khc ndi. 

- Kiem tia do vong lan can. do cong lan c an dc phan doan tinh trang he dam. 

- Kiem tra phan ban belong mat clu, linh on dinh, vi tri cap kenh cua ban, vur.g nirac 
tham, nhu da va nh&ng dau vet bieu hicn sir suy thoai cua betong. 

■ Xem xet finh trang goi can 

Ngoai ra doi vdi cau thep, khi kiem tra thuang xuyen co them nhfmg noi dung kh6c: 

- Kibm tra tinh trang he dam bao gom: Tmh trang lap son bao ve, ghi nhan cac viing 
gt, nhirng vung dac biet xem muc do ky cang han, nhat la chidu d^y phan thep thuc t£ 
con lai. 

- Kiem tra phat hien cac loai hu hong nhu bidn dang (tuc thdi) smh ra do va cham cua 
cac phucmg tien vao cac bo phan dam, dan chu. Hoat tai qua nang di qua gav md't on 
dinh hay nghieng lech dam. 

- Viec phat hien cac hu hong bat thirdng co bieu hien kha ro rang nay khong dot hoi 
mdt su tang cudng nao trong kie’m tra, cung khong doi hoi mot nang luc dac biet nao. 

2.43.2. Doi v&i cau treo 

Viec kibm tra thuang xuyen doi vai cau treo bao gom cac noi dung sau: 

- Kibm tra thuang xuyen doi vai cau treo bao gdrn cac mat cat ngang cau... 

Su bat binh thuang phat hien dupe co thb co su Ion xon trong he treo. 

- Kiem tra sir thang dung cua cac day treo. Do xicn cua day treo co the do: 

+ Sir trupt cac chi tint lien kef tuang ung nee no la cue bd a mot vai day. 

+ Su chuybn vi tuang doi giua cap chu va he mat cau neu no la phb bien. 

- Nghe am thanh do va cham lir cac goi efiu khi tai trong di qua, no bieu hien cua su 
xuo'ng cS'p cong trinh 

2.4.4. Trang thiet bi kiem tra 

Kiem tra thuang xuyen dupe thuc hicn chu yeu bang mat cung vai mot so dung cu 
dan gian nhu bua, thude, tube no vit, phan de danh dau... Doi vdi cac bo phan d xa co 
the dung cac phuang tien pho bien nhu thang, tbu tliuyen, quang treo... 

2.4.5. Chuan danh gia 

Khi kiem tra thuang xuyen khong can danh gia va phan loai theo tieu chuan da kien 
nghi trong cac tai lieu chung. 

2.4.6. M&u ho so kiem tra 

Trong kiem tra thuang xuyen khong can thict xay dung bien ban kibm tra theo mpt 
inau quy dmh, tuy nbien mci hu hong va hien trang cua cong trinh kiem tra dupe c5n ghi 
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chep tom tat nhimg day du, co kern theo ngay thang. Tuy dieu kien va ne'u gap cac hir 
hong dac biet co thd chup anh hoac so hoa vi tri va mdc dd cua hu hong do de luru vao h6 
so quan ly cong trinh, d6ng thdi phai sao gtri noi dung kiem tra cung danh gia ket qua 
den co quan quan ly cap tren de co hudng xu ly tiep. 

2.4.7. Dinh hudng duy tu, sura chura 


Thong thudng qua kidm tra thudng xuyen ta chi phat hien duqc cac hu hong don gian, 
tren be mat ket ca'u. Nhung hu hong nay thudng mdi phat sinh hoac mdi phat trien trong 
mdt pham vi han chd', viec sua chua cac khuyet tat nay thudng don gian va nhanh chong. 
Trong cau thep co th6 cao gi, son lai hoac tra dau mo. Tuy nhien cung khong loai tru 
nhung hu hong nghiem trong duqc phat hi6n khi kiem tra thudng xuyen, no doi hoi mdt 
sir theo doi tang cudng hoac tien hanh kiem tra chi tiet ngay hoac phai co ke hoach sua 
chua cap bach. 


2.5. PHUONG PHAP KIEM TRA HANG NAM 


Kiem tra hang nam la hinh thurc kiem tra toan dien cong trinh, mure do kiem tra hang 
nam khdng nang n i nhu ki6m tra chi tiet nhung day du di6u kifn di xay dung mot bao 
cao va phan loai duqc cong trinh. Bang nhung ch^n doan ket cau so bo, ket hop vdi 
nhung ket qua theo doi thudng xuyen, viec kiem tra toan dien k£t ca'u d loai kie!m tra nay 
cho phep ta danh gia duqc mure dd hu hong cua ket ca'u tir do xac dinh nang lire lam viec 
cua chung de xd'p hang va djnh luqng duy tu sua chua cho thich hop. Viec kiem tra hang 
nam chi nen bat bude dd'i vdi mot sd' cong trinh: Thi du do'i vdi toan bd cac cau co 
chi4u dai > 10m hay dd'i vdi cac edng trinh du doan chju cac didu kien dac biet cd 
thd gay hu hong 


2.5.1. Thdi han kiem tra 


Noi chung, cong tac kiem tra hang nam duqc quy dinh "Mot nam mdt lan". 

Trong mdi khu quan ly, so' luqng cau quan ly trong toan khu la rat Ion vi the dd cong 
viec kidm tra hang nam cd hieu qua va khdng bd sot cong trinh, khdng bd sot hang muc 
khdng nha't thid't kidm tra ngay trong mot dot toan bo cac hang muc cau ma co the phan 
loai kiem tra sao cho hop ly, do do viec phan bd va theo doi ke hoach kidm tra rat quan 
trong, nha't thiet khdng duqc bd sot hang muc can kiem tra doi vdi mot cong trinh. 


2.5.2. Don vi thuc hien 


Viec kiem tra hang nam cung phai do chi'nh cac co quan quan ly true tiep cong trinh 
to chuc thuc hien. Khi cong trinh thuoc trung uong quan ly thi viec to chi'rc kiem tra phai 
do phan khu quan ly dudng bo quan ly true tiep cong trinh thuc hien. Khi cong trinh 
thuoc dia phuong quan ly thi phong quan ly giao thong ciia Sd chin trach nhiem thuc 
hien. Tuy nhien vi khoi luqng cac cong trinh ma phan cong mot phan khu hoac mdr 
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phdng quan ly giao thong cua So giao thong van tai tinh quan ly thudng la rat Ion, trong 
khi viec kiem tra hang nam la bAt buoc va din thiet thi cac ca quan quan ly nay co the 
uy nhiem cho cap dubi cua minh thirc hien doi vdi cac cau nho hoac cac cau mbi dua 
vao khai thac ma cac lan ki£m tra thudng xuyen g;tn nhat khong phat hien th&'y cac hu 
hong bat thudng. 

Khi kiem tra hang nam doi vdi mot cong trinh do khoi luqrng cong viec kha Idn nen 
tuy tirng quy mo cong trinh ma to chute cac tb cong tac. Can bo chiu trach nhiem chinh 
nhat thiet phai la ky su cAu va neu la can bo da tirng tham gia a cac dot kiem tra trirdc 
tren chinh cong trinh nay thi cang tot. Neu nguoi chiu trach nhiem chinh khong phai la 
ky sir cau thi nhat thiet trong t6 phai co it nhat mot can b6 co chuyen mon nay. Doi vdi 
cac cihi Ion hoac co nhifng hu hong pnirc tap, it gap co the mdi them cac chuyen gia 
thuoc cac co quan quan ly, giang day hay Vien nghien ciru giao thong citng tham gia. 

2.5.3. Nhufng noi dung kiem tra 


Kie'm tra hang nam la hinh thirc kiem tra quan trong, trong hang loat cac noi dung 
quan ly cong trinh, cac don vi co trach nhiem tien hanh cong tac kiem tra hang nam c^n 
tu^n thii day du v6 trinh tir cung nlur noi dung ct\n tien hanh tir khau chuain bi, thuc hien, 
den ghi chep xir ly, danh gia, phan loai, den van d6 dinh hudng duy tu sira chua. D6 viec 
kiem tra dupe tien hanh theo mot trinh tu, pliit hop vdi he thong cac bo phan cua cong 
trinh, nham khong bo sot, can tham khao phu luc “Cac dai luqrng can danh gia, cac tieu 
chuan c^n so sanh trong cong nghe kigm dinh cau” cua Tieu chuatn kielm dinh c^u oto. 
Khi kidm tra nen sir dung m&u ho skiem tra tiling ni'iiii dupe trinh bay trong phu luc 2 
cua Tidu chuan kiem dinh cau oto. Viec su dung mAu kiem tra cung giup ta khong bo sot 
cac noi dung can kiem tra. 

Nhung ndi dung sau day khi tien hanh cong tac kiem tra hang nam nhA't thiet phai 
tien hanh la: 


2.5.3.1. Doi vdi cau thep noi chung 

- Danh gia chung chat luqrng son tren cong trinh (bong bat, hu hong...). 

- Xac dinh vi trf cac o gi. 

- Do dac cac bien dang duqc ghi nhan trong qua trinh kiem tra thudng xuyen. 

- Ki6m tra ghi nhan cac dinh tan va cac buldng bi ret long hoac bi hong, hoac bi thieu 
trong cac lien ket. De kiem tra sir ro, long co the dung phuong phap don gian v6 tac 
dong gian tiep cua bua thong qua dinh chain vao dau ngon tay cho ta danh gia mure do 
long leo cua dinh tan. 

- Phat hien bAng mAt cac vet nut do moi. 

Cue noi dung can kiem tra ky rang ho'n Id: 

- Cac diem tru nude a cac nut dan cac tap ban thep lam canh dam moi noi d than 
dam, cac thep goc. 
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- Cac diem tiep xuc bo ba: khong khi, thep, betong tai vi tri mat dirbng xe ebay hoac 
dufrng cho ngudi di bd. 

- Cac diem tiep xuc cua cac chi tiet phu vao dam chmh d do thi thirbng xuyen phai 
chiu s'j oidn doi Ion cua cac cue bo nhu: 

- Lien ket dam doc vdi dam ngang. 

- Lien ket dam ngang vdi darn chu. 

- Kiem tra mat dudi cua ban mat oAu tim noi thft'm nude va xac dinh co phai do nut 
gay ra khong. 

- Kidm tra su lam viec cua goi c£u, tim cac bieu hien cua gdi bi chan, chen, khong 
lam dung chufc nang von co nua. 

- Kidm tra sir lam viec cua cac khdp cAu neu co. 

2.53.2. Doi vdi cau treo 

- Kiem tra bang mat hinh dang tong the trAc doc va ngang cau. 

- Danh gia chu quan sir ddng d6u luc cang cac day treo bang each lam rung bang tay. 

- Danh gia chu quan sir phan bd luc cang trong cap chu theo each gay rung bang tay. 

- Kiem tra tinh trang cac lien ket day treo va cap chu. 

- Kiem tra he mat cau vdi viec nghien ciru cac bien dang dac biet doi vdi he dam cutig. 

- KieYn tra thuc trang lam viec cua gdi cdu, da ke gdi va cac chi tiet chong nho (neu co). 

- Kidm tra thuc trang gdi cap di ddng va co dinh. 

- Kiem tra vung ngarn chAn cong, tim kiem cac vdt nut, kidm tra cac khdp chan cong can. 

- Kiem tra ham neo, kiern tra tinh trang bao ve chong gt cho cap, tim gl d cap - con neo. 

- Kiem tra tinh trang bao ve chong gi cho cap, tim kiem cac vung gi d cap, nen nhd 
cap hcan toan co kha nang gi tir ben trong. Neu thieu phirong tien tiep can tdi toan bo 
chi6u dai cap, viec kiem tra nay co the gidi han d phAn co the tiep can dirqc. 

2.5.4. Trang thiet bi kiem tra 

Viec kiem tra hang nam dupe tien hanh chu yeu bang mat, co dung trang thiet bi 
cung ia nhfmg trang thiet bi don gian, do do viec tiep can that sat tdi tat ca cac bo phan 
cong trinh la yeu cau nhat thie't phai duoc dap ung. Co thd noi day la mot trong it cong 
viec rat kho khan khi tien hanh cong viec kiem tra, dac biet la khi cong tac quan ly cong 
trinh con chua di vao ne nep. 

2.5.4.1. Phuong tien tiep can. cong trinh 

Do dang cau thep, cau treo rat phong phu nen phuong tien tiep can cong trinh cung 
rat da dang, khi tien hanh kiem tra mol cong trinh nao can thiet phai co sir quan sat trude 
de chon trang thiet bi tiep can cong trinh cho thfch hop. Doi vdi cac cau dam thep Ion, 



khi thiet ke va che' tao, ngirdi ta da ho tri sfin cac he xe treo, giup cho viec kibm tra kha 
thuan tien. Tuy nhien phan Ion cac am thep b la lai la cac cau nhip nho khong duqc bo 
trf xc kiem tra nen trong nhfrng truong hop nay co the phai dung thang, quang treo, 
thuyen, xuong ca no. Gan day Trung tarn kidm dinh cong trinh thuoc Vien KHKT giao 
thong van tai da thiet ke va che tao he dam treo kha thuan loi cho viec tiep can de kidm 
tra toan bo cac dam theo hubng doc cau. Dan treo di dong doc cau nhb 2 xe nho dat b 
hai ben Id ngubi di, hai xe nay cd the chuyen dich doc theo cau nho sue ngubi, dan phia 
duoi he d^m duqc treo vao hai cong xon cua hai xe. De dam bao on dinh tren 2 xe co dat 
cac khoi nang lam doi trong. 


Doi vdi tat ca cac efiu de tao thuan loi chc viec kidm tra, vd lSu dai nen co ke hoach 
de bo trf cac phuong tien tiep can cho cdu, do la cac bac thang co dinh gan vao tru, mb 
de kiem tra, goi cau va vung dau dam, cac moc treo quang, bac van kie’m tra he dSm... 

2.5.4.2. Dung cu va trang thiet bi kiem tra 

De tien hanh viec kiem tra hang nam doi voi cau thep can chudn bi mot so dung cu va 
trang thiet bi don gian sau: 

- Giay but ghi chep; 

- Mfiu ho so bao cao; 

- Phan, son dd danh dau; 

- Ban chai thep, bua, dao, day; 

- Thirdc do do gi (tftp la thep co cac cliidu day khac nhau); 

- Cac loai thuoc thep 0,5m, 2m, 20m; 

- Nhiet ke, nghien ke; 

- Ktnh lup khac vach do do mb rong cac vet nut; 

- May thuy binh, kfnh vT; 

- Thiet bi do vbng, do bien dang; 

- Thubc do chidu day ban thep (do day con lai sau khi go gi); 

- May anh, den flash; 

- Day an toan. 


2.5.5. Chuan danh gia 


Ket qua kiem tra erb duqc danh gia va phan loai theo tieu chudn cua ESCAP tuy theo 
mure do bien dang hay su suy yeu chuc nang lam viec cua cong trinh ma xep no vao loai 
A (AA, AA|, A,, At) D, C, S. 

Nluc dich dau tien ciia cong tac kiem tra dinh ky la qua cac cong tac chdn doan ket 
cau so bo, xac nhan nhfrng cong trinh, nhfmg bo phan cong trinh, nhfmg ket cau, nhung 
bo phan ket cau thuoc loai A. Cong trinh thuoc loai A la nhung cbng trinh bi anh hubng 
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bat lgi do nhung hir hong hay khuyet tat gay ra. Con cac loai khac (C, B, S) la nhung 
cdng trinh chua bi anh hudng. Nhu vay van d£ quan trong la nhung k£t ca'u dugc xem la 
loai A. Do do, rieng doi vdri loai A ngudi ta phan chi tiet thanh ba loai A A, A1 va A2. 

- Loai AA la cdng trinh khong co kha nang su dung binh thudng, bien phap sua chua 
hay tang cudng phai dirge thuc hien ngay lap tire. 

- Loai A1 la cong trinh hien tai chira co van de an toan nhung no doi hoi nhung bien 
phap nhat dinh c£tn dugc thuc hien sdm, vi chuc nang lam viec cua cong trinh co the’ bi 
anh hudng bdi ngoai luc thudng xuyen tac dong hoac vi an toan van tai co the sdm bi 
xuong cS'p neu cong trinh tiep tuc bi huy hoai. 

- Loai A2 la cong trinh hien tai khong co vari de an toan nhung chuc nang lam viec 
cua chung co th6 bj anh huong ba't lgi trong tuong lai. Vi vSy no ytu cSu mot so bien 
phap sura chira nhift dinh nao do phai dugc tien hanh ngay. 

2.5.6. Mau ho so kiem tra 


Truoc khi tien hanh cong viec kiem tra hang nam doi vdi mot cong trinh can chuan bi 
ky cac mSu ho so cSn co do la: 

- Phieu nhan dang cong trinh; 

- M§u bi6n ban kiem tra hang nam. 

Ngoai ra nhung ngufri tham gia dgt kilm tra can tim hi6u ky ly ljch cong trinh thong 
qua cac tai lieu thiet ke ky thuat, cac tai lieu hoan cong cong trinh, cac bao cao kkim tra 
hang nam gan nhat, cac ghi chep ket qua va nhan xet trong cac dgt kiem tra thuong 
xuyen... CJn dac biet luu y tori nhung ghi nhan ve hu hong, nhung sua chua da thuc hien 
tren cau. Ket qua ki6m tra se day dii khi tien hanh tu^n tu cac noi dung xac dinh trong 
m^u bien ban kiem tra hang nam. Ngoai bien ban kiem tra, neu co dibu kien nen ghi 
nhan nhung hu hong dac biet bang anh, bang so hoa va thiet lap vi tri cac hu hong tren 
ban ve mat bang va mat chieu dirng cua cau. Ket qua kiem tra se bo sung vao ho s<r 
chung theo doi cong trinh, tao nen trang thai mau moi, la co so so sanh cho nhung dgt 
kiem tra tiep sau: 

Trong bien ban kiem tra hang nam can kien nghi mot so diem sau: 

- Su edn thiet cua viec kilm tra chi tiet dac biet; 

- Kien nghi cong tac duy tu, sua chua, cac kie'n nghi nay dugc chuyein len co quan 
quan ly cap tren de nhan y kier chi dao. 

Toan bo cac tai lieu cua dgt kiem tra edn dugc sap xep va luu vao h6 so quan ly cua 
cong trinh. 

2.5.7. Djnh luong duy tu, sua chura 

Doi voi nhung khuyet tat thudng gap tren cau thep co the tien hanh sua chua theo 
nhung hudng dan trong phu luc 2 tuong tu nhu nhung dinh hudng duy tu - sua chua sau 
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mdi lan kiem tra thudng xuyen. Doi vdi nhung hir hong dac biet, ft gap, don vi kiem tra 
can nghien cuu va kien nghi phirong an sua chua len co quan quan ly c&p tren, trudng 
hop phurc tap c a so co the de nghi chuyen ra cac co' so nghien cun cung tham gia de dat 
hieu qua sira chua tot nhat. 

2.6. PHUONG PHAP KIEM TRA CHI TIET 


KiPm tra chi tiet la hinh thurc kiem tra rat ky lirdng doi vdri tat ca cac bo phan cua 
cong trinh, de" co thd phan rich va dinh hudng dupe mure dd suy thoai cua chung theo hai 
phuong dien ket cau va vat lieu. D6 lam dupe di6u nay trong kiem tra chi tiet thudng 
phai su dung cac trang thiet bi do dac, tham do kha phuc tap, khac vdi phuong phap va 
trang thiet bi su dung trong hlnh thurc kiem tra thudng xuyen va kiem tra hang nam. 

Trong nganh quan ly dudng bo nude ta hien nay quy dinh 3 hinh thurc kiem tra chi tiet 
khac nhau: 

- Kidm tra chi tiet dziu tien; 

- Kiem tra chi tiet dinh ky; 

- Kidm tra chi tiet dac biet. 

Hai hinh thuc kiem tra dSu doi hoi phai kiem tra toan dien tren tat ca cac bo phan 
cong trinh de xay dung trang thai mau cho cong trinh lam co so cho cac dpt kiem tra vd 
sau. Hinh thurc kiem tra chi tiet dac biet chi tien hanh doi vdi mot hoac mot so bo phan 
cong trinh. 

2.6.1. Then han kiem tra 

2.6.1.1. Kiem tra chi tiet dau tien 

Muc dfch cua viec kiem tra chi tiet dau tien la xay dung van ban trang thai cua cong 
trinh, lam co so cho viec quan ly lau dai sau nay, vi the vP nguyen tdc moi cong trinh 
trong pham vi quan ly cua mot don vj do can co ke hoach kiem tra chi tiet de tudn tu xay 
dung trang thai mau cho tat ca cac cong trinh thuoc pham vi quan ly. 

Dot vdi ede cong trinh tn&i xay chfng xong - chudn bi dua vao khai thac hay nhung 
cong trinh vua qua mot giai doan sua chua Ion, cac chi tiet cau dupe tang cudng hay 
dupe thay doi chirc nang lam viec thi giua dim vi nhan thau xay dtmg va don vi quan ly 
nhat thiet phai co hd so ban giao the hien qua kiem tra bat buoc phai thoa man nhung 
tiPu chuan va noi dung kiem tra ma Bo Giao thong van tai ban hanh mdi dupe phep dua 
vao su dung, Moi su theo doi, giant sat kiem tra cua ban quan ly cong trinh (cua chu dau 
tu) trong suot qua trinh xay dung hoac sua chura cong trinh khong the coi la ket qua kiPm 
tra chi tiet va khong dupe thay the viec kiem tra chi tiet dau tien. Co the ket hop viec 
kiPm tra chi tiet dau tien vdi viec xem xet, kiPm tra cong trinh khi thu tai nhung noi 
dung kiem tra trude khi thu tai khong phai la noi dung kiem tra chi tiet dau tien nen viec 
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ket hop chi de giam bbt mot ph£n khoi lugng cong viec chir khong mang tilth thay the;' 
cho nhau dugc. 

Doi voi cac cong trinh can cu: De dua cac cong trinh nay vao he thong quan ly thong 
nhat, nhat thiet phai tien hanh cong tac ki6m tra chi tiet de xay dung trang thai mSu cho 
cong trinh. Co the da co mot so ket qua kie’m tra dirge xay dung trong qua trinh quan ly 
trubc nhimg chua tu^n theo noi dung kieim tra chi tiet quy dinh trong tai lieu nay thi d£u 
phai tien hanh lai viec kiem tra chi tiet dau tien. 

2.6.1.2. Kiem tra chi tiet dinh ky 

Then han kiem tra chi tiet djnh ky dugc quy dinh la 10 nam. Trong thbi gian dai nhur 
vay co the kiem tra chi tiet dinh ky se trung voi viec kidm tra hang nam, khi do co the bo 
viec kiem tra hang nam. Cong tac ki£m tra chi tiet dinh ky khong nhat thiet phai tien 
hanh doi voi tat ca cac cong trinh. Dbi voi cac cau nhip nho, ket c2u don gian va cung 
chi mdi dua vao khai thac thi khong nhat thiet phai tien hanh doi voi tat ca cac cong 
trinh. Hoac doi voi cac cau nhip nho, ket cau don gian va cung chi moi dua vao khai 
thac thi khong nha't thiet phai tien hanh kiem tra chi tiet dinh ky, trong trubng hop nay 
co the lay ket qua kiem tra thubng xuyen va ket qua ki6m tra hang nam thay the. Kidm 
tra chi tiet 10 nam mot lan chi bat buoc dd'i voi cac cong trinh quan trong, cac cong 
trinh co bifiu hi6n nhung hinh dang dac biet dang lo ngai. Doi voi cac cong trinh lbn 
co cau tao phuc tap va da khai thac nhidu nam thi cong tac kiem tra chi tiet dinh ky rat 
quan trong. 

2.6.1.3. Kiem tra chi tiet dac biet 

Hinh thuc kiem tra chi tiet dac biet nay chi dugc tien hanh khi co yeu cau ciia co 
quan quan ly. No thuemg dugc d6 nghi tien hanh trong trubng hgp ket qua kiem tra 
thudng xuyen hoac kiem tra hang nam phat hien ra cac hu hong dac biet, it gap, nguyen 
nhan thubng phat sinh khong ro rang kho giai thich va danh gia, can thiet phai sir dung 
cac trang thiet bi do dac du manh va cac can bo co chuyen mon cao moi dap ung dugc. 
Vi nguyen tSc thbi gian tien hanh viec kiem tra chi tiet dac biet phai do co quan quan ly 
yeu cau, tuy nhi£n can thiet phai tien hanh cang sdm cang tot, chi co vay viec kiem tra 
chi tiet dac biet mbi co tac dung. 

2.6.2, Don vi thuc hien 


Viec kiem tra chi tiet co khoi lugng cong viec lbn, noi dung cong viec thubng la phuc 
tap va phai su dung nhieu cac may moc thiet bi, nhi6u khi rat hien dai vi the cong tac 
kifim tra chi tiet phai do mot so co quan ciing tham gia nhu; 

- Cac co quan nghien cuu; 

- Cac trung tarn kiem dinh cong trinh; 

- Cac trubng dai hpc; 

- Cac phong thi nghiem cap quoc gia. 
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6 do co tap trung cac thiS't bi va dpi ngfi chuyen gia cong trinh du manh db tien hanh 
cong viec. Ke hoach kiem tra chi tiet can dupe phan khu quan ly xay dung hang nam va 
dupe khu quan ly duyet. Khi tien hanh cong tac ki£m tra c^n co dai dien cua phan khu 
quan ly, day chinh la thanh phan lam cau noi giCra cac co quan quan ly phan khu va khu. 

2.6.3. Whung noi dung kiem tra 


2.63.1. Kiem tra chi tiet dau tien 


Doi vbi cac cong trinh mbi xay dung xong trudc khi ban giao cho co quan quan ly 
dua vao khai thac nhat thiet phai tien hanh kiem tra chi tied d5u tibn, a nhung cong trinh 
quan trong nhat thiet phai to chuc thir tai. Muc dich cua cong viec nay la db xay dung 
trang thai xuat phat (trang thai khong cho cong trinh lam mlu so sanh cho cac qua trinh 
quan ly ve sau). 

Doi vbi cac cong trinh da va dang khai thac, d6 thong nhat cong tac quan ly cung c^n 
thiet tien hanh xay dung trang thai xuat phat. Vi la cong trinh da khai thac, kha nang 
xuat hien va ton tai cac khuyet tat co the la dtrong nhien, vi thd' kiem tra chi tiet toan b6 
cac hang muc cua no. Dac biet can tien hanh cong tac thu tai va phai nghien cuu cac 
phuong an xep tai cu thd de’ co thd danh gia dupe timg bo phan cong trinh, o cac bd phan 
co sir co can dac biet chii y. 

Tnrac khi tien hanh kiem tra chi tiet mot cong trinh can nghien cuu trudc cac h6 so 
co lien quan den cong trinh do la: 

-116 so hoan cong. 

- Ba:n ve mat bang hoan cong cong trinh trong do liet kt day du su khac biet v6 k£t 
can, v6 vat lieu... giCra thiet ke va thuc te. Cac sai sot giua thiet ke va thi cong, co danh 
gia anh hudng cua nhung sai sol deii kha nang chiu luc ctia cong trinh, liet ke vd so 
lupng v a vi tri cua cac khuyei tat, anh huong vg mat co hoc va tham my cua chung. 


- Cac hien ban danh gia chat lupng thi cong cac hang muc cong trinh. 

- Cac bicn ban ghi nhan cac su co xay ra khi thi cong lieu co va mo ta cac giai ph^p 
khac phuc da thuc hien. 


Kern tra chi tiet dau tien doi vbi cac cong trinh quan trong nhat thiet phai ket hop vbi 
vice tlu.r tai cho phep ta xac dinh cac gia tri thuc te ve trang thai irng suat, bien dang, do 
vong. do chuyen djeh ket cau dubi tac dong tinh va dong. Cac tri so nay can dupe do a 
nhung vi tri xac dinh tren cong trinh, tirong ung vbi vice dat tai thich hop gay tac dong 
max (min) cho timg vi tri. Cac tri so nay dupe luu giu nhir gia tri xuat phat, chung se 
dupe dta lai tai chinh cac vi tri do vbi vi tri va cubng do dat tai tuong ung trong cac bin 
kiem tr a chi tiet dinh ky vd sau. 


Trong cau thep ngubi ta thirong bo tri do ung suat (bien dang) b cac ma dam (dan) 
cac thanh keo, thanh nen, do do vong o giua nhip, dau mut cong xon. Do cao do mat 
dirb'ng tai khc noi mat dubng, cao do be tru, mb cau, do do dich chuyen (ngang, doc) d^u 
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tru, mo. Do do djch chuyen goi. Do dao dong (bien do, tan so) cua dam, tru, mo. Vice 
thu tai phai thuc hipn theo "Quy trinh thu tai cau" cua Bo Giao thong vpn tai. Cac gia tri 
do dac phai ph&n tfch, danh gia thco cac tieu chuatn quy dinh hay trong phan phu luc 
cua tai lieu nay. Cac chi tiet kilrn tra dupe d£nh gia tir loai C trd len la co the! chap 
nhfin dupe. Doi vdi cac bp phan ket c£u dtrpc xep loai B trd xuong phai co bien phap 
sua chGa ngay trude khi ban giao. Trong trudng hop dac biet co sir can thiep cua co 
quan cap tr£n co the’ van dira cong trinh vao sir dung nhirng nhat thiet phai tien hanh 
sua chua ngay sau do. 

Tom lai muc dfch cua viec kiem tra chi tiet dau tiSn la d6 xay dung trang thai xual 
phat lam co scr cho viec quan ly cong trinh vP sau, muon v£ly ket qua kiem tra can thiet 
xac dinh dupe: 

- Kfch thude thuc te cua cong trinh, sai so ve hinh hoc neu co, so sanh vdi gia tri cho 
phep cua quy trinh quy pham. 

- Cac hu hong, khuyet t^t l6n tai trfin cong trinh do thi cong hoac khai thac. 

- Tinh trang suy yeu ket cau ghi nhan dupe khi thu tai (gi, nut, dut, gSy, vong qua 
muc, cap k6nh gPi...). 

- Ung suat (bien dang) tai cac vi tri xac dinh tren ket cau. 

- Do vong dam, do dich chuypn goi, cao do cac bo phan chu yeu tren cau. 

- Cac dac trurng dao dong cua cau. 

- Cac kien nghi v6 c6ng tac hoan thien neu co. 

De’ co the dua toan bp cong trinh vao quan ly theo cung mot hp thong, khdng chi can 
a cac cau da t6n tai tu lau, neu khong co h6 so co lien quan tdi cong trinh dupe luu giu 
hoac co nhung khong day du nha't thiet phai tien hanh kiem tra, do dac tuy timg c6ng 
trinh co the con phai tien hanh thu tai. Nhung cong viec nay cung nham muc dich nhu 
trang thai xuat phat. Hinh thUc kiem tra gan vdi viec kiem tra chi tiet djnh ky. 

2.6.32. Kiem tra chi tiet dinh ky 

Cung nhu cac dang cong trinh bang cac loai vat lieu khac, doi vdi cac cau thep bao 
gom cau dam, cau thep betong lien hop, cau treo... viec kie’m tra chi tiet dinh ky phai 
bao gPm cac noi dung kiem tra sau: 

2.6.32.1. Kiem tra ho so 


Vipc kiPm tra trude khi den cong trinh, cac ban ve, ban tinh, cac tai lieu co lien quan 
den hoat dong cua cong trinh (viec sua chua, tang cudng...) cac anh chup neu co v.v... la 
cue ky quan trong bdi vi thong qua cac tai lieu tren cho phep ta: 

- Biet dupe ban chat cua vat lieu xay dung. 

- Nam dupe ket c&u cong trinh, ke ca nhung phan khong nhin th&y dupe mong mo 
tru, cot thep trong betong... 
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- Nhan biet dirge cac chi tiet theo tinh loan co do an toan yeu nhat so vdi cac chi 
tiet khac. 


- Phat hien vj trf 6 do cau tao ket cau kha dl gay nen hir hong nhir: 

+ Sir thay ddi tiet dien dot ngot co thd dan den nut ket cau do moi 

+ Sir khong thing hop cac true thanh se phat sinh cac momen uon phu 

+ Cac chi tiet cdu tao dd tfch tu nude gay gi, ncri chi tiet co cau tao khong cho phep 
tiep can dd sem, cac vj trf thuan tien cho viec tfch luy bui, rac am. 

+ Khoang each dinh tan khdng qua 1cm cho phep gi phat tri£n... 

Trong cac trudng hop ta khong co dii h6 so, tham chi khong co mdt h6 so nao, luc do 
nhat thiet phai to chuc lay thong tin b ngay cong trinh. M6t so thong tin quan trong nhu 
thoi gian xay dung cho phep ta biet duoc cac quy trinh tinh toan da ap dung, loai vat lieu 
(thep) sir dung trong thcri gian do... 

2.63.2.2. Kiem tra tren cong trinh 


- Kiem tra bang mat tat ca cac bo phan cua cong trinh, c^n thiet phai sir dung hoac thi 
cong cac phuong tien tiep can (thang, Ihuyen, da giao). 

- Khi kiem tia can phat hien va ghi nhan trong mot ban ve tat ca cac hu hong va c5n 
phan loai chung theo nurc do nghiem trong do la: 


+ Cac vimg bi gi, chieu day con lai cua thep - do bang thude cap hay do bang 
thude sau khi khoan cac chi tiet thep bi gi thay ddi rat Idn tuy theo turng vi tri cu the 
do do can tien hanh tuan tu, ti mi de’ co the: danh gia vdi mire do chinh xac nha't vdi 
kha nang co thS. 


+ Khi phat hien dugc vet nut ciin tien hanh do ca chidu dai lan do md rong, trong 
trudng hop co nghi ngd vc chidu dai vet nut can lien hanh kiem tra bang chat long thir 
mrt goc dau. 

+ Cac bien dang sinh ra oo va chain hay do mat dn dinh can do theo chibu dai va bien 
do (do vong, lorn). 

+ Ghi nhan vi tri, so luong cac dinh tan hay bulong bi thieu, bi gi hay bi hong. 

+ Cac vimg tfch am hay cac chat thai (bui, rac... ) kiem tra tinh trang gi trong cac 
vimg nay. 

+ Kiem tra gdi cau, goi cap, chot chart cong cau, danh gia thuc trang lam viec 
(chuyem vi cua cac con lan de lai dau vet tren that gdi, sir hien dien cita dat, cat, cay, co, 
moi tiep xiie cua cac co t Ian chirng to gdi can khong di chuyen...). 

+ rtnh trang cua cap chiu (gi, tdi, dut caj)...). 

-f Cac vi tri ngam nude, nude chay trong ban mat cau betong, trong tru md. 
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+ Cac chi tiet khbng phii hop giura thiet kd', sira chua, tang cubng nhimg khbng dupe 
ghi nhan lai trong ho so. 

Moi hu hong va cac diem dac biet nen dupe chup anh ne'u co kha nang. 

2.63.23. Do dac kiem tra 


Neu khong co du tai lieu lien quan tbi cbng trinh (ban ve, ban tinh...) ta phai tien 
hanh didu tra, do dac tai chb xay dung lai tai lidu vd cong trinh mot each hoan thien 
nhat theo kha nang co thd’ dupe. 


1. V& kich thubc hinh hoc cua cbng trinh 

Tien hanh do dac mpt each he thong kich thubc cua tat ca cac chi tiet ket cau. Cong 
vide nay co khoi lupng lbn, doi hoi nhidu thefi gian nhung khong co kho khan gi lbn. No 
co the dupe tien hanh vbi cac dung cu don gian nhu thubc cuon, thubc la, thubc cap, 
may khoan, bo duong kiem tra bd day khe noi. Mot vai bo phan trong long khoi xay hay 
bdtong, nhi£u trubng hop phai dap bo mot phdn khoi xay hay betong de biet dupe cau 
tao bdn trong. 


2. V6 cac tmh cha't cua vat lidu 

Co thd’ quan sat dd’ nhan biet mot chi tiet kim loai la bang sat hay gang nhung khong 
thd biet dupe cac tmh cha't cua no, do do can la'y mliu dd dua vd thi nghiem. Thubng 
ngubi ta khong the tid'n hanh lay mSu b cac bo phan quan trong nhu b cac ma dan chu, 
rnat khac ngubi ta cung khbng thd la'y ra mot so lupng mSu lbn, do do nen tien hanh theo 
each sau: 


- La'y 4 d£'n 5 miu b cac chi tiet phu dd dang thay thd' (thi du la'y b phan giang gib hay 
b phan con tb\ b chi tiet da bi hong, nham vao cac bb phan khong tham gia nhidu vao su 
lam vijSc cua cbng trinh. 

Trong trubng hop co th^ nen trich ra phdn vat lieu du lbn dd co the tb no che tao ra 
cac miu thi n^hidm dung tieu chuan 

Can tien hanh cac thi nghidm sau: 

+ Thi nghidm keo (3/5 mau); 

+ Thi nghidm tmh chiu han (2/5 mlu); 

+ Do do cbng cac mau (5/5 mau); 

+ Do do cbng b ta't ca cac bo phan khac nhau cua cong trinh sao cho dam bao rang 
cac mlu thu dupe la'y ra la dai dien chung toan bo ke't cau. Trubng hop ngupc lai se tien 
hanh lay mau mbi b vung co do curng khac do cung mSu thu. 

Nen nhb rang vide do tren cbng trinh chi co muc di'ch bao dam ring thep cua cac bo 
phan khac nhau tren cbng trinh la cung loai nhu thep cua mliu thu, chu khbng phai la xac 
dinh gibi han dan hbi mot loai thep tb viec do do cung. 
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Thuc ra, vdi 3 mSu thir khong thd xac dinh dupe cac gia tri dac trimg de tfnh toan do 
do cdn lien hanh cong viec nay nhir sau: 

a) Neu biet nguon goc cua thep co the ap dung cac tieu chuan cua 01100 san xuat vao 
thbi diem tirong ung 

b) Trong trudng hop neu khong biet ngudn goc cua thep thi tien hanh theo nguydn 
tac sau: 

+ Neu cac ket qua thf nghiem it phan tan va neu cac phan tich hoa hoc chihig to rifng 
la dang lam viec vdi loai vat lieu ddng chat va ft gidn, la se sir dung gia tri de" tfnh toan la 
ket qua thap nhat khi thi nghiem. 

h- Trong trudng hop gap loai vat lieu ma chat hrong khong dn dinh, ket qua thi 
nghidm thudng rat phan tan nhir sift luyen, hay than trong khong My gicri han dan hoi 
vuot qua gia tri 220 MPa de tfnh toan ngay ca khi tdt ca cac kd't qua thi nghidm ddu cao 
han 220 MPa. Kinh nghiem a nude ngoai cho thav khong phai hiem khi tim th&'y cac kdt 
qua sai khac nhau tir 80 - lOOMPa tren hai mSu thir lay ra d cung mdt thep gd'e. 

2.6.32.4. Tinh toan kiem tra 

Ngay ca khi ta co ban goc, trong mqi trudng hop can thiet phai tidn hanh tfnh toan lai 
toan bd cong trinh nhd cac phuong tien tfnh toan hien dai va ddng thdi ap dung cac quy 
trinh tfnh toan hien tai vl: 

Cac ket can cu thudng rat phue tap, thudng la b&c sieu tfnh noi rat Idn, thieu cac 
phuong tien tfnh loan manh thbi tiudv. cac ky sir da phai cay tdi phuctng phap sieu hoa 
ket cifu dfin tdi ket qua v 6 noi lire va ling suat tfnh dupe Idn han gia tri thuc te. Ngupc lai 
trong mot so trudng hap lai ho qua cac noi lire phu. 

- Vice tfnh toan cong truth nham 2 muc dfch 

1 . De hieu trang thai cua cong trinh, giai ihfch cac hu hong tir ban chat ca hoc ma no 
co rbi bang vice xac dinh cac nguyen nhan de 1:6 die sua chira no. Phai xac dirih cac ung 
suat thuc, thong ke tdi bat ky mot he so an toan nao va dc tfnh toan se dung cac dac 
trung co hoc cua vat lieu la ket qua lay theo each thuc da trinh bay d tren. 

2 Xac dinh cac tang cirdng can thiet ph ii tien hanh dc cong trinh co du do ben, thoa 
man dicu kicn an toan cong cong. 

Trong tfnh toan vice mo hinh hoa cac ket can cu thudng rat kho khan, phai co gang 
dira Jupc cac dac diem can thiet va co the bieu hien dupe vao mo hinh tfnh. Can tien 
hanh tfnh toan nhieu lan vdi vice thay ddi mot thong so de thir do nhay cam eiia ket cau. 
a mot so trudng hop phai tien hanh tin nghiem dat tai dd so sanh vdi ifnh toan. Phai triet 
gii’mi cl idn tich hong gi trong khi tfnh toan ling suat. Trong trudng hop d cong trinh co 
cac vet nut khong phai do va chain sinli ra, thi nhirng tfnh toan co didn tir mdt bai toan 
he thanli khong cho phep giai thfch cac vet mil nay, nhung vet nut thudng xay ra do su 
tap trung irng suat. Tot nhat phai lien hanh tfnh toan lai theo phuong phap cac phdn tir 
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huii han. Tuy nhien viec tmh toan khong the tach rbi viec mo ta trang thai cua cong trinh 
v'l rieng cac tmh toan khong th£ giai thfch duqc muc do cua mot s6' hu hong ton tai. 

2.63.2.5. Thi nghiem, thiitdi, do dac 

Trong cac truong hop c5n thiet ti6'n hanh cac thi nghiem va do dac d£ tim hidu ky hem 
vi sir lam viec cua cong trinh va cac hu hong da quan sat duqc. 

1. Phuong phap do bien dang bang di6n tro: 

Mot so didm han ch6' cua phuong phap: 

- Cac la dien tro chi lam viec khi co su bien doi ung sua't (khi trong tai thay doi) ma 
khong th£ do duqc ung sua't cua mot tmh tai, tir khi ta tien hanh mot thi nghiem pha hoai 
(dan la dien trb roi cat chi tiet cin do). 

- Trong cac lien k6't dinh tan (hay bulong) co su bien dbi tiet dien dot ngot, no co 
thi lam nhidu loai vi6c phan bo ufng sua't trong lien ket va trong vung phu can m6t 
each tire thai. 


- Mac du rat nho, dd b6n uon cua khb'i xay hay betong khong phai bang khong, mot 
phSn cac ung sua't co the truydn qua khoi xay hay betong thong qua dmh bam, nhung tai 
cac vi tri vet nirt cua khoi xay hay cua betong, toan bo umg sua't se truy^n qua cot thep. 
Viec do duqc tien hanh ben ngoai m6t tiit dien bj nurt, co the cho sai so lien quan din do 
an toan vi khong phan anh dung gia tri cSn do. 

2. Do do vong 

- Do do vong la mdt phep do tdng thd, no khong cho phep lam ro cac hien tuqng cue 
bo (mot vet nut gay n6n mot viing deo cue bo, thuc te khong anh huong ddn gia trj cua 
d6 vong toan dim). 


- Ban betong hay vom xay, tham chi ca ldp phu mat c£u cung tham gia vao do cirng 
cua ket cau tire lam giam gia tri do vong nhung khong lam giam bao nhieu gia tri ung 
sua't cue bo trong cac tiet dien ma 6 do bi nut. 

- Nang mat trori gay ra gradien nay gay nen bien dang vay nen phai tien hanh do do 
vong tlnh tai cua cong trinh truck: va sau m6i trudmg hqp dat tai. 

2.6.33. Kiem tra chi tiet dac biet 


Kidm tra chi tiet dac biet chi nham vao mot hoac mot so bo phan cong trinh khi co tai 
nan va quet hoac cac tac dong dac biet, bat ngo cua thien nhien lu, lut... Noi dung kiem 
tra chi tiet tuong tu nhu trong kiem tra chi tiet dinh ky. 


2.6.4. Trang thiet bi ki£m tra 


Trang thiet bi trong kiem tra chi tiet dong vai tro quan trong, quyet dinh su thanh 
cong trong cong tac kiem tra. Trudc tien phai ke den trang thiet bi tiep can cong trinh, 
lam sao dd co thd xem bang mat ta't ca cac bo phan ket ca'u. Thong thudng ta co the dung 
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thanh, gia treo nhidu khi ta phai xay dung da giao... Nhin chung phucmg tien tiep c&n ddi 
hoi nhidu thdi gian, cong sue. O cac nude tien tien hien nay ho dung kha rong rai loai xe 
co kha nang nang ha thang va da giao tir dong, giup chung ta tiep c$n dd dang vdi toan 
bo vi tri edng trinh vdi thdi gian ft nhat. Cac cai tien bude dau d mdt so co so kiem djnh 
v6 da giao kiem tra cung giam bdt nhieu thdi gian va khoi lupng giup cho cong viec tiep 
can cong trinh nhanh chong. 

Doi vdi thiet bi do dac tuy hinh thuc kiem tra co th6 chon lira d6 dap umg d^y du yeu 
cau v6 noi dung ma hinh thuc kiem tra quy dinh. 

2.6.4.1. Kiem tra chi tiet dau tien 


Hinh thuc ki^m tra nay duoc ap dung doi vdi cac cong trinh mdi thi cong xong, chuan 
bi dua vao khai thac, cac cong trinh ma qua sua chua ldn, co nhidu y6'u td khac vdi cau 
tao ban d^u da co... No doi hoi kiem tra toan dien do do viec thu tai ddi vdi hinh thurc 
kiem tra nay la can thiet. 

Cac thiet bi chinh dupe sir dung la: 

- May do ung suat (bien dang); 

- Thiet bi do vong; 

- May do dao dong; 

- Thiet bi cao dac. 

Tuy tinh hinh cua mdi co so ma co the lira chon cac thiet bi vdi cac mure do hien dai 
khiic nhau, co thd’ tham khao trong cudn "Danh muc cac trang thiet bi dung trong kidm 
tra kidm dinh cau". 

2.6.4.2. Kiem tra chi tiet dinh ky 


Cung la hinh thuc kiem tra toan dien cong trinh, d cac cudc kid'm tra chi tiet dinh ky 
cong viec se rat ldn. Ngoai cac kiem tra dd nhan biet trang thai cau binh thudng, no con 
ddi hoi nhung s 6 lieu dinh lupng can thiet, do do so luong cac trang thiet bi yeu cau 
nhidu hon va nang lire hon. 


- May do ung suat (bien dang); 

- Thiet bi do vong; 

- May do dao dong; 

- May sieu am belong; 

- May sieu am thep; 

- Sung bat nay thi nghiem belong Schmidt; 

- May khoan lay mau belong tir cong trinh; 

- May chop tia X, tia y; 

- Phong tin' nghiem hoa hoc co du co so phan tich thanh ph&n thep; 

- Phong thi nghiem co' hoc: co du thiet bi thi nghiem cac tinh chat co ly cua thep; 
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- Phong thi nghidm betong; 

- May thuy binh, kinh vT; 

- Cac loai thirbc va dung cu tho so khac. 

2.6.43. Kiem tra chi tiet dac biet 

Vi kiem tra chi tiet dac biet chi tien hanh ky doi vdi mot hoac mpt so bo phan cong 
trinh ndn cdn lira chon trong so cac thic't bi kiem tra chi tiet nhung loai phu hop cho muc 
dich kiem tra cu thd. 

2.6.5. Chuan danh gia 


Trong cong tac kiem tra chi tiet thong nh&'t danh gia dua theo tai lidu cua uy ban kinh 
te va xa hoi ChAu A Thai Binh Duong thang 3/1990, ap dung chung cho tat ca cac loai 
cbng trinh ke ca c^u thep, thep betbng lidn hop va c^u tree. Sau day la nhtrng tieu chuhn 
danh gia cu the, bo sung cho m6i hinh thde kiem tra tuong ung. 

2.6.5.1. Kiem tra chi tiet dau tien 


De co the’ dua mot cong trinh moi vao khai thac, nhat thiet toan the cong trinh phai 
duoc danh gia phan loai sau ki£m tra d mdc C dd'n S, loai C dupe danh gia khi muc dp 
hu hong va khuyet tat nhe, sir phai trien cua no khong ro rang va khong dang lo ngai, 
hidn tai khong anh hudng den su lam vide cua cong trinh. Loai S bieu hien cong trinh 
tot, khdng co hu hong khuyd't tat. Viec thir tai nha't thiet phai tien hanh theo dung cac 
quy dinh cua "Quy trinh thu tai c&u". Cac ket qua do dac khi thu tai cSn so sanh voi kd't 
qua tmh toan xem su phu hop ra sao, neu co sai khac thi mure dp thd' nao? sai so duong 
hay ^m... dd quyd'i dinh ke r t lupn cuP'i cung. 

2.6.5.2. Kiem tra chi tiet dinh ky 

Cong tac kidm tra dinh ky dat ra cho chung ta nhiem vu phai danh gia xem c£u co ton 
tai trong trang thai mSu da dupe xac djnh trong lan kiem tra chi tidt dSu tien hoac ISn 
thay d6i trang thai mHu gan nha't hay chPng, ndii khong thi phai xav dung trang thai mot 
each toan dien nhung vAn de sau ddy: 


- Kha nang chiu tai cua cong trinh. 

- Su dich chuyen cua edng trinh. 

- Hd so an toan doi voi su nghidng, trupt... cua cong trinh. 

- Hd so an toan vd su pha huy. 

- Nhung dac trung vd dao dong. 

- Mure do hu hong va khuyet tAt. 

2, 6.5.3. Kiem tra chi tiet dac biet 


Chu^n danh gia trong kiem tra chi tiet dac biet dupe sir dung nhu chuan danh gia 
trong mdm tra chi net dinh ky nhung ap dung dP'i voi mot bp phan cong trinh. 
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2.6.6. M&u ho so kiem tra 


De thong nha't trong cong tac quan ly. Nhat thiet phai ton trong viec x&y dung theo 
nhung chi dan v6 xay dung ho so cong trinh. 

2.6.6 J. Kiem tra chi tiet dau tien 


Nhirng tai lieu khac can xay dung gom: 
- Bien ban kidm tra chi tiet ddu tien 


- Bien ban thu tai cong trinh 

- Phicu nhan dang cbng trinh 

Bien ban kidm tra chi tiet dau tien co the dung mau bien ban ktdm tra chi tiet dinh ky 
trinh bay trong phu luc 3. 

2.6.6.2. Kiem tra chi tiet dinh ky 


Khi tien hanh ki£m tra chi tid't dinh ky can xay dimg "Bien ban ki6m tra chi tiet dinh 
ky" theo m§u trinh bay o phu luc 3. Co the trong qua trinh xay dung bao cao phat sinh 
them cac noi dung ma mau trong phu luc 3 con chua co thi b6 sung them. Ngoai bien 
ban nay ra c&n thiet dinh kem cac bao cao ket qua thi nghi6m duoc thuc hi6n trong c6ng 
tac kiem tra chi tiet. 


2.6.6.3. Kiem tra chi tiet dac biet 

Co the dua vao mSu bien ban kiem tra chi tiet dinh ky d6 xay dung mSu kiem tra chi 
tiet dac biet rieng cho bo phan cong trinh duoc tien hanh kidrn tra tirong ung. 
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Chtromg 3 

KY THUAT KIEM TRA CAU BETONG COT THEP 
VA CAU BETONG COT THEP DU UNG Ll/C 


3.1. NGUYEN NHAN VA BAN CHAT NHUNG HU HONG CAC CAU BTCT VA 
CAU BTCT DUUNG LUC 


3.1.1. Khai quat ve sir phat trien cua cau betong va betong du umg lire 

Hau het cac cau dupe xay dung tren dudng giao thong vao cuoi the ky XEX, ddu the 
ky XX deu la cau thep. Chiec cau betong dau tien tuy dupe xay dung vao cudi the ky 
XIX, nhung trong thdi gian dau do trpng lupng nang va co nhieu kho khan trong thi 
edng hem so vbi cau thep nen no chua dupe phat trien va chi gidi han sir dung tori kh^u 
do nhip 25m. Sau do, do co nhifrig cai tien trong chat lupng cua vat lieu va ket cdu, do co 
nhung thanh tuu v^ cpng nghe x&y dung da tao ra dupe nhung dieu kien thuan lpi de 
phat trien x&y dung cau bang BTCT. Tir nhung nam 50 su hoan thien cua cong nghe du 
umg luc da tao ra mdt cuoc each mang thuc su trong xay dung cSu bang loai vat lieu nay. 

Ngay nay chung ta hidu BTCT va BTCT du ung luc la loai vat lieu ly tudng co kha 
nang canh tranh vdi thep trong linh vuc xay dung noi chung va trong xay dung cau noi 
rieng. Tfnh b^n co hoc cua betdng tuy co thua kern thep nhung betong lai co kha nang 
chju moi tdt, co kha nang chdng lai cac tac dong cua moi trudng tot hon thep nen trong 
qua trinh su dung tranh dupe chi phi duy tu bao dudng. C5u dupe xay dung bang betong 
co nhieu uu viet ve kha nang sur dung: giao thong em thuan, tranh dupe tieng on, hinh 
dang kie'n true da dang, dep mat, cPng nghe thi cPng chung co the noi da dat tdi trinh do 
hien dai nen chac chan cau betong va betong du umg luc se co mot trien vong phat tri^n 
rat ldn. Tren cac tuyen duomg noi chung cac cau cong co khau do nho va trung binh 
chiem da so nen nhung loai ciu nay thfch hop vdi vat lieu betong va betong du ung luc. 
Co khoang 60000m dai cau betong, chie'm gan 50% tdng so cac loai cau hien co a nude 
ta, do la mot con so co y nghTa, noi len vai tro to ldn cua vat lieu va k6't cau BTCT. 

Vat lieu betong va ket cau BTCT da co horn mot the ky kinh nghiem xay dung, va 
cung thu thap dupe vo so kinh nghiem ve hu hong. Nhung cong trinh BTCT dau tien da 
dupe xay dung tir cuoi the ky XIX do ngudi Phap thirc hien d nude ta. Vi vay rat nhieu 
c5u cu con dang dupe khai thac tren cac tuyen dudng sat cung nhu dudng dto d nude ta 
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da dupe thiet ke theo cac quy trinh cua Phap. Can luu y rang quy trinh d£u tien vd ket 
cau BTCT cua Phap dupe ban hanh tir nam 1906, con quy trinh dau tidn ve BTCT du ting 
luc cua Lien X6 cu dupe ban hanh tCr nhung nam 1958. 

3.1.2. Nhurng nguyen nhan gay hu hong trong cac cong trinh cau bang betong va 
betong du ting luc 

Truoc day, ngubi ta van coi cac cong trinh bang BTCT la vlnh cuu, khdng c£n thiet su 
theo doi va bao duong thuong xuyen lien tuc nhu cac cong trinh bang thep. Nhung, 
nhung kinh nghiem cho ta tjiay BTCT la mot loai vat lieu co su tidn hoa theo then gian 
va rat nhay cam vai cac dieu kidn rnoi trubng. Ca betong lan thep, hai loai vat lidu chinh 
cau thanh len ket cau BTCT, duoi tac dong xam thuc manh cua mPi trudng ddu dd bi 
suy thoai theo thbi gian. Ben canh do, nhung sai sot ve thiet ke, thi cong va su dung cua 
chung ta cung gSy ra nhieu su co' lam tram trong them mue do hu hong cua cac k£t c^'u 
BTCT. Chinh vi vay neu dupe theo doi chat che, duy tu va bao duong thupng xuyen, 
chung ta co the loai trir hoac ngan chan dupe su hu hong cua cac cPng trinh BTCT, do do 
tang dupe tuoi tho cua chung. 

Hu hong cua cong trinh BTCT hoac betong ung luc co bie’u hien nhu sau: 

+ Qua nhung hu hong a mat ngoai (sui va miin lop mat ngoai). 

+ No betPng. 

+ llray dpi kich thuPc hinh hoc tong the. 

+ Co vg't nut qua muc. 

6 day ta can phan biet nhirng vet nut dupe goi la vet nut dPng hoac vet nurt tinh khi b6 
rong cua khe nut khong phat triPn theo thoi gian va nhting vet nut goi la vet nut chu 
dong khi b6 rong khe nut thay doi theo tai trong (xe cP, nhiPt do) tac dung tren cau. 

Phai liru y rang trong ket cau BTCT nhung vet nut each d6u ipng tu 0,1mm den 
0,2mm neu nhu khong phat trien thi khong dupe xem la hu hong ma xem nhu hoat dPng 
binh thubng. Tuy vay, da tir lau, cac tieu chuan thiet k£ quoc te deu Ccim khong cho xua't 
hien vet nut trong ket cau BTCT du ung luc. Nhung tieu chu^n quoc te mai tir nam 1983 
chi cho phep nut trong mot so di6u kien rat nghiem ngat. Tieu chutin thiet kd' c^u 22TCN 
272-01 mai ban hanh nam 2001 cua Bo Giao thong van tai cho phep tinh toan ket ca'u du 
umg luc khPng toan phan, nghTa la cho phep co irng sua't keo a muc do quy dinh tren ket 
cau cau du ung luc. Nhirng vet nut cua nhirng cong trinh cu co the xem nhu la hoat dong 
khong binh thuemg. Doi voi nhirng cong trinh cau mbi xay dung g<in day, can phan biet 
giira nhung vet nut ma quy dinh cho phep va nhung vet nut gay nen su hoat dong khPng 
binh thuong cua ket cau. Nhung hu hong khac bi£u hien trong ket ca'u BTCT hay betPng 
Ung luc trubc nhin chung co nhidu nguyen nhan. 
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Chung ditac phan lam 4 nhrm. 

+ Hu hong do vat lieu. 

+ Hu hong do thiet ke. 

+ Hu hong do qua trinh thi cong. 

+ Hu hong do qua trinh sur dung. 

3.1.2.1. Qua trinh pha huy vat lieu 


3.1.2.1.1. Xoi rndn, mai mdn, cdc va cham 

Betdng cua cac cong trinh b song hoac bien la doi tuong cua xoi mdn do dong chay 
manh, do su cuon troi cac vat thd ran cua nude hoac dubi tac dung cua song. Bieu hien 
true tiep cua sir pha huy nay la b chb tiep xuc cua betong, be mat bi mdn bi co sat lien 
tuc lap di lap lai. Su mai mdn nay rat nghiem trong khi Idp bd mat betong u co't lieu 
cung hoac lop vua bi bb mun. Sir va cham cua xe co, tau be nha'r ia khi chung vugt ra 
ngoai kho thong thudng gay ra cac vet xude, nut vo betdng lam hd cot thep va tir do cot 
thep se bi hu hai. 


3.1.2.1.2. Tuc dong cua hang gid 

Doi vori nude ta, tac dong cua bang gia doi vbi cac edng trinh BTCT khong manh nhir 
d cac nude xur lanh, nhung cung co thd xay ra d cac vung phia Bac trong nhung ngav 
dong thang gia. Khi mat ngoai cua lap betdng khdng du kin, do tinh tham nude cua 



dong bang kern theo su tang thd tich gay ra cac su nut, vd cue bo. Hidn tuong do se ngav 
cang nghidm trong dSn den gi cot thep trong betdng. 

3.1.2.1.3. Sit pha huy ly - hod cua betdng 

Dang hu hong nay co the xay ra do cac tac dong ben ngoai hoac do thanh phan cua 
ban than betdng. 

* Tac dung cua nUo’c thdm than: 

Khi kdt cau betdng thay doi lien tuc giua cac trang thai am va khd, nude tham qua 
betdng va se lam hoa tan mot vai thanh phan, khi do lam tang mbc do rdng xop trong 
long betdng. Hien tuong nay se keo theo su xuat hicn vet vdi tiet ra ngoai be mat betdng 
va lam bdtong dan dan bi mun yeu Hicn tuong hoa hoc pho bien nha't xay ra dudi tac 
dung cua su ngam nude. Muc do tac hai cua no lai duqc tang len khi co sir thay ddi khd 
roi aim lap di lap lai trong mot ngay hoac mot mua... O cuoi giai doan khd, khi do am 
khdng khi' tang len, nude tham de dang hon qua betdng lam hoa tan mot so thanh ph^n 
(dac biet la voi) trong betdng roi mang ra ngoai. Cur nhu the, do rdng cua betdng tang 
len, tao didu kien cho cac hien tuong pha huy sau do. Bidu hien cua su hu hong do 
betdng bi ngam nude la rd va nhC. Khi khi quyen co anhydric sulfuro, chat nay tham vao 
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betong lam giam cudng do co hoc cua betong va nhat la lam giam tinh kiern lam cho 
viec bao ve cot thep bi suy giam. 

* Si/ cacbonat hoa belong: 


Khi C0 2 co s5n ngoai khi quyen tac dung vdi thanh phan vdi d vua xi mang se tao 
thanh cacbonat canxi theo phan irng sau: 


Ca(OH) 2 + C0 2 CaCO, + H 2 0 (3.1) 

Phan ung nay phat trien dan tir ngoai vao trong vdi toe do thay doi ra't Ion tuy theo 
tung cong trinh (vi du vao nam 2000 mot cong trinh cu tir nam 1930 da do dirac 2mm, 
mot cong trinh cu tir nam 1952 lai do dirac la 25mm). Do sau cacbonat hoa chi co the do 
diroc bang each dofn gian boi quet chat phenon talein. Sir cacbonat hoa khong lam giam 
cirong do cua betong nhurng lam giam do ki^m trong betong, tao di6u ki6n cho su an 
mon cot thep. Hien tirpfng nay di6n ra bat driu tu tat ca cac be mat xung quanh cua cong 
trinh co tiep xuc vdi khong khi, a cac vi tri be mat co vet nut tuong doi Ion (tren 
0,3mm). 


* Tac clung cua clorua va sunphat: 

C ac anh huong xau cua sunphat va clorua xay ra doi vdi nhfrng cong trinh nSm trong 
moi truemg cong nghiep hoac thudng xuyen tiep xuc vdi nude dac biet co tinh an mon 
(nhif nude bien). Su pha huy ly-hoa cua belong efing xay ra khi cong trinh nam trong 
moi trudng xam there (khoi, cac khi thai cong nghiep nhat la ngudn hoa cha't co khi 
suniuro, clorua...), nam trong nude ngam, nude bien vi trong nude bien co nhieu muoi 
clorua. Su co mat ciia cha't sunfat se gay ra phan ung hoa hoc doi vdi voi va nhom cua xi 
mang gay ra su xuat hien cac chat truemg no. Cac chat clorua co phan ung lam hai cot 
thep khi chung bi tac dong. Neu betong chiu tac dong luan phien giua chim va n6i, mot 
loat cac trang thai bao hoa va kho xay ra tren be mat lam no bi phong len, co lai lien tuc 
gdy ra sir nut ran. 

* Hien tuong kiern hoa: 


Betong co the bi hu hong tir trong long cua no ma khong phai do cac nhan to td ben 
ngoai. Do la ket qua cua toan bo cac phan irng giua cot lieu va chat lien ket ma ngudi ta 
goi la phan ung alcali-silic hoac phan ung alcali. Mot so thanh phdn hat co the bi phan 
ung hoa hoc vdi xi mang. Betong se phong len theo moi hudng, sau do bi nut ra theo 6 
ludi khoang 30cm mdi chieu cho deit khi ket cau bi pha hoai hoan toan. Hien tuong nay 
dien ra cham va keo dai trong nhieu nam. Hien nay khong co bien phap nao chong duoc 
hien tuong nay, nhimg ta co the tranh dupe bang each than trong lira chon thanh phan 
cua betong. 


3.12.1.4. Su an mon cot thep 


Do kiern cua xi mang (do pH > 11) se bao ve duoc cot thep chong bi an mon. Neu chi 
so pH giam, vi du dudi tac dung cua cacbonat hoa, tinh chii dong bi mat ddn di va su an 
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trong lam giam drin ttiih kiem cua betong lam giam kha nang bao ve cot thep. Sir suy 
giam kha nang chong gi cung xay ra khi chat I upn g betong kern, do rdng Ian, chieu day 
lop bao ho khong du, tren be mat betdng co nhieu vet nut. Khi kha nang bao ve cot thep 
bi suy yeu, sir an mon cot thep bat dSu tir sir co mat cua oxy, cac ion Cl', S0 4 ', thep bi 
oxy sat Fe 2 0 3 hoac cac chat muoi khac cua sat. 

Nhung hau qua: 

+ Phat trie’n gi sat lam cho betong no ngoai be mat. 

+ Tiet dien chiu lire cua thep giam. 

+ Do dinh ket thep va betong giam. 

* Gi cot thep trong ket can betong du ung lire: 

Doi vdi betong du ung luc, cot thep du ung lire la doi tupng dac biet can dupe bao ve, 
chung dupe dat trong ong chin kim loai hoac polyethylene va bom cac chat choiig gi bao 
boc xung quanh nhu vira xi mang, mo, sap dau hoa, cac dau neo, dau cot thep cung dupe 
bao boc chu dao. Do do kha nang pha hong cac cot thep du ung luc co the xay ra trong 
hai trircrng hop, mot la cac oiig dSn cung cac chat bao ve bi hir hong, khi do sir an mon 
cot thep se xay ra gioiig nhu trubng hop BTC1 thudng d muc do cao hon vi coi thep dir 
ung luc dang chiu ung suat Ion, hai la ngay trong ban than cac chat bao ve cot thep dir 
ung lire co cac hoa chat an mon cot thep nhu cac ion Cl va S0 4 hoac sai sot khi bom 
vua khong day. 

Su an mon cot thep giiy ra nhung hau qua sau: 

- Cot thep bi phong rop vi Fe-,0, tang the; lich len gap 10 lan, lam truong no gay nut, 
vo betong, lam giam do dinh bam giua cot thep va betong. Su an mon se tiep tuc phat 
trieii rat nhanh vi con co them liien tupng an mon dien hoa. 

- Sau mot thoi gian, tiet dien coi thep bi giam veil, cac coi thep dai dan dan bieii mat. 

Cirdng do cita ket caii se bi giam yeu neii hien tupng an mon coi thep khong bi can tid. 

3.1.2.1.5. Hau qua cua co ugot chain 

Hau qua cua co ngot la cac vet nut cue nho nhung trong thi cong cong trinh triroc liei 
phai xuai phat tu thiet ke. Mot vai sir lira chon, mot vai gia tliuyei dupe dira ra khong phii 
hop hoac mau thiuin voi thirc nghiem, voi sir tie’n trieii cua cac plurong phap tmh toan v;i 
cac phuong phap thi cong... co the din toi sai sot. 

Co the; neu ra mot vai dan cluing nhu sau: 

- Chap nhan mot dang cong trinh khong thicii hop doi vdi loai chudng ngai can vupt 
qua hoac doi vdi 11611 mong. 

- Sir dung mot so kei caii mot each gupng cp. 

- Danli gia thap cac lac dung pirn trong ca«. efiu rat long, rai xicn hoac cong. 
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- Mo hinh hoa khong day du a kei can phi'rc tap. 

- He thong thoat nude va km nude mat can khong dam bao. 

Ngoai nhCrng sai sot trong tfiiei ke. con phai xct den nhCrng sai sot trong thi cong cong 
tiinh. NhCrng liet ke ve sai sot san day dura vao nhfrng tnrong hop hay gap trong there te, 
chac chan clura phai da day du. 

3.1.2.1.6. Hien tifp'ng nidi ciia cot thep 

Dirdi tac dong ciia mol so Ion kin lhay doi li'ng lire, cot thep c6 the’ bi giam yeu do 
moi. Ch mh vi vay quy tiinh yeu can kiem loan irng suat trong cac cot thep thirbrig va cot 
thep dir irng lire theo difu kien moi. 

3.1.2.2. Cac nguyen nhcin kltdc sai sot trong do an thi cong 

NhCrng nguyen nhan xuat phai chii yen do khong ton trong cac chi dfm thiet ke hoac 
thi cong. 

:i: Dot cot thep rhieit: 

- Khong co hoac khong du cot dai. 

- Khong co cot thep can tao. 

- Lop bao ve cot thep qua mdng, neo dan cot thep qua ngAn. 

* Diem ngdt ecu tlnmh thep khong lip]) lx: 

- Dir tilth cac mat mat irng suat trong cot thep dir irng lire khong chinh xac lam cho dir 
ling lire trong cot thep khong du. 

- Bo tri dirbng di cua cot thep dir ling lire, vi t i f cac neo, chuyen hiroug khong hop ly. 

- Khong bo tri hoac bo tri ihieu cac cot thep dir irng lire theo phiro'ng ngang hoac 
plurong tilting dung khi cac yeu can chin lire theo cac plurong nay clura dirpe dap irng 
day dii. 

* Sai sot trong lap dot cot thep: 

- Dat cot thep qua day ngan tro cong tac do belong. 

- Dat cot thep qua thira. 

- Khong nam dirpe life day lurong tarn ciia cot thep. cua cac bo cot thep du ung lire cong. 

- Sir chiem cho ciia cac bug dan dura cot thep du ling lire qua Ion. 

* Khong dam hao cac yen can re mat kct can: 

- Chicu day lop belong bao ve khong du. 

- Co sir thay doi dot ngdt liet then cua kct can. sir lhay doi nay gav ra sir xuat hien cac 
vet nut o' vung co tiet dien thay doi. 

- Khong co sir bo tri dac biet de chin lire tap trung. nhai la khi cluing chi la tin trong 
lain thd'i. 
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- Thieu sir km khft thich dang. 

- Khong co hoac lam khong tot cac mb'i noi dudng thoat nude mat ctiu, khong chu y 
ngan chan nude chay Ian tir dudng ngudi di xuong dam cau. 

- Thiet bi goi tua khong hop ly. 

Co mot so each bo tri cac ket cau tuy khong phai nguon goc cua hu hong nhung thudng 
lam tram trong them kha nang hu hong, gay kho khan cho cong tac theo doi, bao dudng: 

- Sir bo tri khdp d dinh mot so vom. 

- Sir bo tri nhung goi tua cua nhung nhip treo. 

- Cac thiet bi goi tua, thiet bi tieu nude khong tiep can dugc. 

Sau day xem xet mot vai hu hong theo loai cong trinh. 

3.1.2.2.1. Cau dang killing vd dang cong bang BTCT 

Nhung hu hong nay chu yeu do sir lun lech (khong ddu) cua ndn, sir co ngot khong 
ddu giua cac bd phan khac nhau cua cong trinh, sir danh gia khong tot cua ap luc da't. No 
se bi6u hien bang nhung v£t nut n4m ngang va dung d tru vom va d phan ban. 

3.1.2.2.2. Cac can ban BTCT va be tong du itng luc 

a) Cau ban be ngang lcm 


Thong so nhiet gay nen do vong ngang (do mdmen duong ngang) va keo theo vet nut 
doc bung vom. Nhung vet nut nay mot khi dugc bit khc lai khong phai la nguyen nhan 
anh hudng den do bdn cua cong trinh. 

b) Cau ban rat cheo goc 

Trong nhung cau co dd cheo goc ldn, mdt he thong vet nut co th^ phat tridn vuong 
goc vdi dudng chiu lire. Didu nay hoan toan dung khi nhung hudng cua thep doc va 
ngang tao thanh mot goc nho. Vet nut se phat trien theo hudng it cot thep. 

3.1.2.2.3. Cau vom (co cot thep hoac khong cot thep) 

Vet nut trong cau vom BTCT co the xuat hien trong cac cot, than vom. Trong cac 
cau da xay va cdu betong kidu vom thudng co vet nut d chan vom va dinh vom. Trong 
cac he sieu tTnh ngoai bang betong, BTCT hay da xay con co cac vet nut do lun hay 
bien dang cua mb' tru. Vet nut doc theo vom: nhung vet nut nay do dat thep ngang 
thieu, khoi betong khong dat dugc du thep d£ chiu keo ngang nen gay ra nhung img 
luc nen ep doc vom. 


3.1.2.2.4. Can dam being BTCT 

Cac dang hu hong thudng gap can phai didu tra la: Cac vet nut ran, sirt vd betong, 
bong ldp betong bao ho cdt thep, rd bd mat betong, hong ldp each nude v.v... Trong ket 
cau BTCT thudng, can tim vet nut d vung chiu keo khi ung suat ldn ham cudng do u'nh 
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loan cua betong, luu y rang do rdng vet nirt la 0,2mm la da duac quy trinh thiet ke cho 
phep. Noi chung vet nut dam BTCT ddu lam giam nang lire chiu tai. Vi du cac vet nut 
xien trong bung dam hay vet nut doc d cho tiep giap bung dam vdi day ban ngang ba lat. 
Phai phan ti'ch cac vet nirt da phat hien dupe de’ xac dinh anh hirdng den nang lire chju 
tai va tudi tho cua ket cau co xet den khuynh hirdng phat trien cua chung. 

Phan loai cac vet tuft. 

a) Vet nut do co ngot: Loai vet nut nay thudng xuat hien trong lap b6 mat cua betong 
do qua trinh co ngot khong dPu. Nguyen nhan la do ham lircfng xi mang qua nhieu trong 
hon hop betong, do dac didm cua dang ket c&’u, do each bo tri cot thep khong hop ly 
v.v... Dau hieu dac tiurng cua vet nut co ngot la chung phan bo nglu nhien khong dinh 
hirdng, chidu dai ng^n va nho li ti. Cac vet nirt co ngot co the" phat tridn thanh cac vet nut 
do lure. 

b) Vet nut nghieng: Vet nirt nay thurbng xuat hien d bung d^m do ung su&'t keo chu 
qua lbn. Chung dac biet nguy hiem trong cac kd't can nhip dir ung lire vi co th^ giam 
nhidu nang lire chiu tai. Can danh gia sir giam lire chiu tai bang each tmh toan. 

c) Vet nirt doc: Chung xuat hien d chd tiep giap day ban mat cau oto hoac ban mang 
ba lat cau dubng sat tiep giap vai phan bung dam, duac coi la nguy hi£m vi giam nang 
luc chiu tai cua ket cau nhip. Nguyen nhan chinh la do sai sot trong cong nghe che tao 
ket cau. 

d) Vet nirt ngang trong ban mat cau: Nguyen nhan la do momen u6n tao ra qua lorn 
lac cau dam dc lap ghep, hoac do dll ung luc nen qua manh. Trong cac dam giin dan thi 
trong qua trinh khai thac, cac vet nirt nay co the bi khep lai. 

e) Vet nirt d ben tren that goi: Nguydn nhan la do c£u tao cdt thep dat d d<ki dam 
khong du va cau tao dau dam khong hap ly (neo dat qua sat nhau, that goi ng&n v.v...). 
Sir lam viec cua that goi co anh hirdng den loai vet nut nay. Neu gdi di dong bi ket 
khong hoat dong tot se gay ra cac ung lire phu lam tang cac vet nirt nay. Cung co thd do 
ket cau nhip khong lira khtt den len goi cau lam cho tac dong xung kfch cua tSu chay 
qua cau bi tang len. 
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Haiti 3.1: C iic ilang vet m'tt (rang ket can nhip dam 
/- Do co ngot; 2- Nth xien; 3- Ni't't Joe tai cho tiep giap ban ednh vdi ban bung; 4 - Nitt ngang 
trong ban canli tren; 5-Ni't't ngang trong ban Jiftii Jam; 6- Nfft doc trong biiu ditch dam; 

7 - Nut J i 'ting sat goi; 8 - Nut ngang nain ngang Jt dau Jam: 9- Nift d vung moi noi. 
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3.1.2.2.5. Cac can dam betong dif ifng ha 

3.1.2.2.5.1. Dac dibm chung 

Cac vet nurt trong dam BTCT dir urng lire can liru y hem, dac biet dam co cot thep du 
ung luc dang bo spi th&ng, bb spi xo/in, spi don hoac cap. Nhung cong tr'inh cau tao dir 
irng lire chi theo chieu doc cau hoan toan co kha nang chiu dir irng lire theo chieu ngang 
va doi khi ngay ca chibu dung. 

Doi voi cong trinh khong dir irng lire theo chibu ngang ta co the phan biet dupe: 

- Nhung vet nut do sir lam viec binh thubng theo chibu ngang cua ket cau BTCT 
thirdng (khong dir ung lire) 

- Nhung vet nut do su lam viec bat binh thubng theo chibu doc cua ket cau betong dir 
ung luc. Thubng gom nhung dac diem sau: 

+ Do curng doc cua cong trinh khong du: bicu hien bang cac vet nut thang dung nam 
a cac tho duoi cua khoang giua nhip. 

+ Kha nang chong cat khong du: bieu hien qua nhirng vet nirt xuat hien bung dam voi 
goc nghieng khoang 45°, cac vet nut nay thuong thay b khoang 1/3 chieu dai dam. 

+ Kha nang uon khong du do du ung lire cat: Nhung vet nirt do du ung lire cat gay 
nen khong bao gib xuat hien don le. Chung thuong kem theo nhung vet nut khac do uon 
ma no se phat trien len tren theo mot goc nghieng. 

Cac thieu sot khac (sir lan truybn, uon ngang, co ngot virbng v.v...) se dirqc xu ly sau: 

3.1.2.2.5.2. Cac ket ca'u nhip drtm gian don 

Nhom nay bao gom nhung dam cau nhip gian don du ling luc keo triroc hoac keo sau. 

a) Nlu?ng sai sot lien quail den kha nang chin non tong the 

- Nhung thieu sot nay thubng gay nen nhung vet nirt do uon hoac do ung luc cat. 
Nguyen nhan la do: 

+ Qua tai trong thubng xuyen. -)ac biet tai trong cua thiet bi va cua lop bao ve 
thubng la gia thuyet (co cong trinh ngubi ta do dupe trong lupng thuc gap 2,5 lan tai 
trong ly thuyet). Tren cac tuyen dubrig bo dia phirong thubng co cac xe qua tai (vf du xc 
chb go) ma khong bi ngan chan do thieu cac tram kiem soat triroc day. 

+ Do gia thuyet khong chinh xac ve lire cang triroc trong cap DUL, tri so nay phu 
thuoc vao nhibu thong so khac. 

+ Nhung he so ma sat goi la f va ip ma nhung gia tri ly thuyet da dung co the la qua 
lac quan. 

+ Sir chung cot thep DUL cung la mot van db, doi voi cac cong trinh cii (theo ijuy 
dinh nay gia tri gap doi). Mat khac cac soi cap thep hoac cac bb cap thep DU L co the bi 
an mon va gay do qua trinh bom phut vfra lap long ong dura cap sai sot hoac do thi cong 
co sai sot. 
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I rone mot vai can cii kicu kliung T-dani deo. cac ho cot thep dir irng lire dupe dat 
trong plian tren cua mat cat hiuh hop va chi dirpe bao ve bang betong thong tlurong phii 
len, 1 bp betong nay khong dupe dir irng lire. Nguy co gi cap DUL b cac can nay la rat 
cao. Vi du dicn hinh la cac can Rao, can Niem, cau An Duong b Hai Phong, ma trong do 
ciiii Rao da hi sup gay do gi dirt cap DU L sau 7 nam khai thac (1982). 

b) Si/lien ket yiu'a day va hnny dam khony tot 

Trong nhirng trudng hop nay thuong xuyen xuat hien nhirng vet nirt rong d cho lien 
ket giCra ban day va bung dam. Snot doe cac vet nut co kem theo nhirng phan no betong 
eh irng to vet nut la ehu dong dudi tae dung cua tai trong thay ddi. 

ej Niumy vet nu't doc theo cap cany 

Nhirng vet nirt nay xuat hien trong qua trinh thi cong va theo thdi gian se dupe 6n 
dinh. Do la dau hien ciia tinh trang du ling lire nen qua Ion hoac betong khong du eudng 
do siVm. 

dJ Nhi/ny vet nu't o' ban mat edit 

- Nhirng vet nirt doc giiiu cac dam lit do thieu cot thep ngang trong ban. 

- Nhirng vet nirt ngang lit do hi can no bicii dang khi eo ngot. 

e) Vet til'd nyany trony ban dn’o'i o' vfiny dun keo chi (a eot thep dit dug bte 

Vet mil nay cluing to thieu du irng lire, mat mat du irng suat qua nhieu do co ngot, tir 
bic.tt betong va man neo lam vice khong hinh tlvuditg. Cac vet nirt nay khong giam kha 
nang chin tai tilth toim cua ket can illijp nhung ed che tao dieu kien cho gi an mon cot 
thop du irng lire va giam di'in nidi iho cua no. 

y) l et mil doe irony ban dam eh tin eot thep dif d’/iy h/e 

Cite vet nirt nay xuat hien ngay trong nhirng nam dan khai thac can. Nguyen nlian la 
do bieii dang ngang Ion khi du img lire nen manli betong va do co ngot bj can trb. Hau 
qua la gi nhanh va tram trong o eot thep du irng lire, cac sail pliant do gi tao ra se truong 
no lam no to them vet nirt khieii gi cang nhanh lion \ a sbm pha hoai ket cau nhip. 

h ) V et nu't nam nyany o'(loan dau hetony nhip 

Cac vet nirt nay xuat hien do irng suat cue bo qua Ion o ben diroi mail neo cot thep du 
irng lire. Cluing pltat men trong thb'i ky dau khai iliac cau. 

3.1.2.2.5.3. Nhirng ket can nhip he sieu tinh (dam lien tue) 

Cac phuong pluip thi edng ket can nhip sieu tinh rat da dang (vi du ciie phirong phap 
dire tren da giiio di dong, phuong phap lap hang, due hang, due day...). Nhirng hu hong 
va nguven nhan gay non cho nhirng nhip dam don gian hoan toim co the xay ra tren cac 
keti ciui sieu tilth. Nhung lion the nua ngirbi la da quail sat dirpe nhirng hu hong dire {rung 
eu.a eiic ket cau sieu tinh bane bet one du line lire cua nhirne the he dau. 

^ . v. • 
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a) Si/phan phoi lai noi luc 


Sir phan phoi lai ndi lire dudi tac dung cua nhung bien dang khac nhau bi can trd 
(dupe goi la su phan phoi lai noi lire do tir bien). Mot cong trinh sieu tlnh phai nhb dupe 
qua trinh thi cong no. Trang thai urng luc cua cong trinh trong giai doan cuoi cua qua 
trinh thi cong phu thude vao su thay ddi trong qua trinh do. Neu so d6 tinh hoc luc thi 
cong khong khac gi so do tinh hoc cuoi cung (vi du nhung c3u dam hang), nhung bien 
dang khac nhau cua bdtong do tu bien se gay ra hien tupng phan phd'i lai ndi luc cho tdi 
khi trang thai cua cong trinh co xu the tien tod gan trang thai thuc cua cong trinh neu nhu 
no dupe thi cong tren da giao. 


Su phan phoi lai ndi luc nhin chung dupe bidu hien bbi su xua't hien mdt momen 
duong, goi nom na la "momen rao" ma se lam keo cang thd 6 phia dudi cua mat cat. 
Momen do tir bien nay co the tinh dupe mot each khoa hoc boi cac chuong trinh may 
tfnh chuyen dung hoac cung co the ude tinh gin dung theo cong thuc: 


M 



(S,+S 2 ) 


(3.2) 


trong do S, la momen uon trude khi phan phoi lai, S 2 la momen uon cua edng trinh tuong 
tu ma dupe due tren da giao. Hi6n tupng nay doi vdi nhung cong trinh sieu tinh xay 
dung trude nam 1975 khong dupe iuu y tdi, do vay ma viec bo tri ket ca'u luc do thudng 
thieu kfch thude so vdi do vong doc 


b) Gnidien nhiet (nhitng bien dang bi can do nhiet) 

Su chenh 16ch nhift dd giua ban canh tren (ban nap hop) va ban canh dudi (ban day 
hdp) la do tac dong cua nhung tia nang mat trdi gay nen bien dang cho ket ca'u. Da so 
cac tieu chuln thiet ke cua nhidu nude hidn nay thudng gia thiet coi su thay ddi nhidt dd 
la tuyen tmh tren chidu cao cua be mat ket ca'u va chi co su chenh lech nhiet do giua ban 
canh tren va ban canh dudi la dat muc 6°C 


c) Ddi v&i ede ket cau nhip diicfc t uc trong van khuon tren dd giao 


Nhung cau co sudn cung hoac co ban sudn tham chi nhung dam o cb, dupe due bang 
van khuon thudng cb nhung vet nut do vong b gan vung go'i tua trung gian. Nhung vd't 
nut nay xua't hidn ngay khi dang thi cong, nguyen nhan la do ung luc keo phat trie’n khi 
chung ta tao ra du ung luc qua Idch tarn d phan tren, dung vao luc cang cap DlTL. Tuy 
nhien luc dd ufng luc keo phat trie’n do du ung luc se khong dupe bu lai do tac dung cua 
trong luc ridng cue bd cua van khuon. Khi nhung cot thep ca'u tao dat khong dung vi tri, 
co the se xua't hidn vd't nut ldn d thd dudi. 


d) Ddi v&i trK&ng hqj) mb ede nhip dam gian dm duqc noi lai ben tren tru de trd 
thdnh he dam lien tuc 


Trong nhieu du an cau d Viet Nam hien nay dung cac dam gian don due sSn lap ghep 
len cac tru, rdi sau dd no'i chung lai thanh he dam lidn tuc nhd cac kieu moi no'i dac biet 
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co hoac kh6ng co cot thep Dl/L (hoac du ung lire a thd tren). Cac clu nay se co nguy co 
xuat hien vet nut tai vung betong moi noi. Nhung vet nut nay la do gradien nhidt va do 
tir bien. 


e) Nhitng bien clang do life c at 

Sai lam co the gap trong thiet ke bao gom: 


- Luc cat bi tinh sai (can kiem tra d phi a ben phai va ben trai cua tiet dien khi cap da 
duoc uon nghieng len sao cho khong co hien tupng rich lire bi giam di do su nghidng cua 
cap gay nen). 


- Khong quan tarn den su phan bo cua cac bung dam khi dim co nhidu 6. 

- Da danh gia qua cao ve tri so du umg lire theo chieu thing dung khi du umg luc xuSt 
hien. Nguyen nhan co the do: 


f Cac cot dai dat qua rong. 

+ Tinh toan tri so do tut neo qua ft. 

- Khong chu y den luc cat cua cac cap du ung luc ma no co th6 cung ket hop vdi cac 
umg lire clt khac lam tang noi luc cat tdng the. 


g) Nlulng dnh htfd’ng do c ac noi life tap tning - sit lan trnyen 

Nhumg hu hong dupe ncu dudi day la do su lan truyen cua cac noi luc tap trung xua't 
phat tir vung dat cac ma'u neo cap Pt ] '\ (v( du vung dau dim gian dom). Ngay nay co xu 
hutViig dung cac bo cap ldn, tat nhien luc cang cung 1dm va nen vao betdng cung ldn theo 
(vf du ung suit nen khoang 3MN cho mot cap loai 19T15 va thlm chi la 6MN cho loai 
cap 37T15), nhung du ung luc nen nay tap trung tai khu virc dat mlu neo se trd thanh 
cang tap trung horn. Khi do sir lan truydn cua cac luc nay se phai dupe nghien curu cln 
than de tranh hu hong dam ngay tir luc dang thi cong. 


h) NhCtng vet nift kem theo 

Do la nhung vet nut nam a sau u neo. Nhung vet nut nay chumg to su khong dong deu 
cua irng luc (tren chieu rong cua ban chlng han doi vdi cap neo trong vung ban day hop 
dam) do luc tap trung gay nen. Nen tfnh toan bang eric phuemg phap phan tir hum han. 

i) Nhirng vet nift theo kie'n xifang ca a ban day hop hoac nhitng vet nift nghieng trong 
ban hung dam 

Do la nlnrnc vet nirt bo trf theo kieu xirong ca d khu vuc u neo cap. Nhung vet nut nay 
thudng kco dai nghieng vd phfa ban bung. Nguyen nhan cua cac vet nut nay la do cac 
noi lire tap trung gay nen. Trong cac tieu chuan thiet ke ciu ddu co quy dinh dat ra mot 
tri so img luc gidi han chiu nen cue bo dd tranh nhung vet nut nay, no thudng dupe moc 
bdi nhirng vet nirt kem theo (da neu d tren). 
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k) Nhiing vet nut nghieng theo doc cac day cap 


Do la nhung vp't nut xudt hien khoang 30cm ddng sau chP neo cac cap va no keo do 
theo cac cap. Nhung vPt nut nay xuat hien khi thi cong noi chung no se khep lai khi c 
npi lire cdt va khPng phat triPn trong suP't dcri cua cPng trinh. 

/) Nhiing vet nut trong cac ban du&i a ddu dam 

Do la nhung v6t nut do su truyen cua cap neo dP'n ddu ddm. 

m) Nhung vet mit do uon ngang 


TrSn nhiPu cdu bPtong du ung luc co chilu cao thay dPi dupe xdy dung vao nhun 
nam 1970, thuemg xudt hien nhung v6t nut doc theo ban mat P giua cua nhip chin! 
Ngay trPn cdu Phu Luang (Hai Duong) mcri thi c6ng nam 1997 cung co cac vet nut nh 
v&y. Nhung vPt nut nay se phat triPn tir tho dudi cua ban den giua ban va tur thP trPn cu 
ban canh den cac phdn ban nam canh cac sudn. Neu nut trong ban day hpp thi vet ni 
nay la do luc dPy cua nhung cap nam b ban day h6p. Hien tupng nay da khong dupe ch 
y tPi trong cac cdu dupe xay dung trubc nam 1973 va nhung thep ngang cua BTC 
thuemg la nhung thep phu. Nhung hien tupng tuong tu se phat sinh trPn cac ban mat cu 
bung vom theo mPt dudng gay khuc. 


n) Nhung hu hong do sai 1dm ve each bo tri cdu tqo khde 

Chung ta co thP nPu ra mpt ban danh sach dai nhung yeu cdu ve bo tri cdu tao th6n 
thuemg ma khong dupe ton trong dung (su khong dPng dPu cua cac lap phu a mat, di 
hoac khPng dat cac khung thep va thep dai..). Dae biet phai co lap ludi thep a mat ngoi 
cac bung ddm dP tranh nhung v6t nut do co ngot. 

3J.2.3. Nhiing nguyen nhan do dieu kien thi cong 


3.1.2.3.1. Betong 

Cac ySu cdu v6 chdt lupng betong theo thiPt ke (cudng dp va dp linh dong) va dp be 
co thP bi vi pham trong qua trinh thi cong: 

Khi tinh cap phoi: 

Khi thiPt kP thanh phdn: do ban ch&'t va chdt lupng cot lieu thuc te su dung, vi s 
khPng thfch ting cua xi mang dPi voi cPng trinh. 

- Dung cac hat da cat bPn. 

- Dung cac hat da d£ bi kiPm hoa. 

- Dung xi mang khong chiu dupe nuac biPn. 

Qua trinh sdn xuat betong: 

- KhPng ton trong thanh phdn cdu tao. 

- DP nude vao khong hop thdi gian. 

- Su dung khPng dung chdt phu gia. 
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- Thai gian van chuyen lau. 

- Nhiet do thi cong khong dung quy dinh. 

Qua trinh due cd'u kien: 

- Van khudn khong rtra sach. 

- Dung lai nhung cong cu d6 betong khong tot. 

- D^m rung betong khdng td't. 

- Chieu cao dd cua betong lcrn (betong phan tang). 

- Khong quan tarn hoac quan tarn khong du. 

3.1.23.2. Cot thep trong BTCT 

Cac sai sot co the la: 

- Quen dat vai thanh thep hoac mot vai chi tiet thep quan trong. 

- Dat thep sai. 

- Khong tuan thu chieu day lap bao ve. 

- Thep dat khdng bao dam nen khi dd betong bi di chuydn. 

- Han nhung thep khdng duac phep han. 

- Khdng ton trong nhung ban kinh cong. 

- Lin Ion thep nay vdi thep khac. 

- Khung cd't thep khdng du cung. 

- Thep mem bi thay thd' mot each thieu suy nghT bang thep cung. 

3.1.2.3.3. Cot thep trong ket can betong du i(ng lUc 
Cac sai sot co the la: 

- Giao nhan cac chi tiet di theo cac bo cd't thep du irng luc khdng ddng bo, trong qua 
trinh vrtn chuyen, luu giu trong kho de cho cdt thep du ung luc cung nhu cac chi tidt kem 
theo bi say xude, ban, gi, cac dng din bi cong, thung, gia hoa bng bang nhua. 

- Dat thep sai. 

- Dat cac ranh cho thep cang. 

- Thep dat khdng nghidm tuc nen qua trinh do betong se xe dich. 

- Bam phut vua hoac bam phut khdng dung quy each. 

3.1.2.3.4. Nhung sai sot tren cong trUdng 

Trong qua trinh thi cong co xay ra cac sai lech vd mat hinh hoc, co the ke den su lun 
cue bo van khudn, do vdng nguac ciia dam khdng thich hap, cac md'i nd'i khdng dam 
bao, cac sai lech co lien quan den chat lirang khdng dong d£u cua betong, su chiu tai 
hoac cang keo khdng doi ximg, su tao dir irng luc qua tho bao. 
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* Nhung sai sot trong qua trinh thi cdng co the ke den nhu sau: 

- Khdng t6n trong cac giai doan d<5 bdtdng da quy dinh sdn trong phong thiet ke. 

- Chat sat hoac ud'n moc gay kho khan khi dd betdng. 

- DSp dat khdng dung quy each. 

- Didu chinh nhung cdng vide phat sinh khi ghep cac ca'u kien bien dang co thd’ gay 
ndn nhung hau qua x£u dd'i vdi ket ca'u. 

- Lap dat cac d'ng d£n, cac bo cd't thep du trng lire cac thiet bi neo, chuyen hudng 
khdng chmh xac cac thid't bi giff cd' dinh vi tri cua cac bo cd't thep du ring lire khdng du 
dd cung, bi xd dich, bien dang trong qua trinh dd> betdng. 

- Dat cd't thep khdng dung quy each, sai sd' vd vi tri lefn, kd chen khdng du cho chieu 
day lop bao vd theo du dinh, khdng lam cac md'i nd'i cd't thep, thieu cd't thep cho giua cac 
md'i nd'i bdtdng. 

- Vide lau rira bdi ddu mo van khudn lam khdng tdt. 

- Vide d6 bdtdng khdng td't do chidu cao qua ldn, dSm kem dan tori hidn tuong phan 
tSng tao ra cac 6 da dam, rd, nhidu Id rdng bi phu km cac mang mong, nhidu vung 
betbng khdng dupe nhet ddy vi day dac cd't thep nhu d'ng dSn d thanh dim va bau dam. 
Khi dd bdtdng d nhung giai doan khac nhau, dudng nd'i rap xa'u. 

• Xas ly nhidt khdng td't dSn tori nut, khdng dudng hd hoac dudng hd khdng du tao ndn 

, sir ndt b^ mat va tang mure dd tha'm cua bdtdng. 

\ 

- Thao van khudn sdm dlin dd'n bid'n dang qua ldn, tham chi gay nurt. 

- Thieu c&i than khi van chuyen cac kd't ca'u due san. 

- Sai sot khi bom vua vao trong d'ng din cac cd't thep dir img luc. Nguy co dirt cac spi 
cap hoac spi thep du umg luc do gi ludn ludn tdn tai neu cdng trinh co sai sot tiong bom 
vua. Sai sot co th^ xay ra do chat lupng vda khdng bao dam (dd linh ddng, dd phan tang, 
thdi gian co thd’ bom sai khac giffa thiet ke' va thuc td'), su bd tri Id kidm tra khdng du, 
con dong nude trong d'ng, tdc d'ng khdng kidm tra dupe. 


- Sai sot do cang keo cac bd cd't thep du umg luc nhu trupt chot neo, lun con neo, cang 
keo khdng du luc, dirt cue bo cac spi cap... 


- Thieu do co gian edn thiet d vi tri md'i noi dudng, sai sot ve ldp phu bao ve kin ldp 
ddu neo... 


3.I.2.4. Nhung nguyen nhan do su thay doi dieu kien sue dung, dieu kien moi 
tru&ng. Nhung khuyet tat do bao du&ng 

- Vide di chuyen cac may lam da't trdn he mat cdu khi betdng cua he nay chua du 
curing dd dd khai thac. 

- Qua tai do cac doan xe dac bidt nang khdng du tinh trude. 
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- Tang chidu day mat dudng tren cau mot each lam dung. 

- Sir 6 nhiem cua moi trudng (khi thai edng nghiep), sir thay ddi che dd nude. 

- Viec lam cua mdt so ca nhan, don vi g&y tac dong co hai ldn edng trinh (dung ma, 
he mat cau lam chd neo moc cau, dung tru mo lam ho the...). 

- Thieu sot do bao dudng he thong thoat nude, bao dudng mdi noi dudng. 

- Sai sot do dat tran cot thep mot each ngSu nhien hoac khong. 

- Sai sot do viec didu chinh su lam viec cua cac goi tira bi hong. 

- Cong viec bao quan va sura chura khong thuc hien vao thdri gian thich hop: 

+ Bao quan he thong thoat nude; 

+ Bao quan nhung khe co dan; 

+ Sua chCfra. 

- Do su thay d6i cac di6u kien moi trudng khu vuc c^u (chd do nude, d nhidm). 

- Do thi cong sai khi sura chua nho, v{ du tang tai qua mure (khdng bao got ldp phu 
mat c£u cu, vi du da co trudng hop do thdy 26cm chidu day cua ldp ao dudng tren 
mat cSu). 

3.1.3. Nhurng bieu hien cua hu hong 


3.13.1. Nut 


Su xuat hien cac vet nut trong kdt c£u BTCT chua hoan toan coi do la su hu hong, 
nhimg su co mat va hinh dang cua no luon keo theo su chu y cua ngudi theo doi bdi vi 
cung co th6 chiing la bi^u hien cua mdt sir hu hong thuc su. 


3.1.3.1.1. Be tong cot thep 

Neu ket cau dupe thiet ke dung, tuc la da bo tri mot sd lupng du de dam bao chiu dng 
sudt keo thi tuy co xudt hidn vet nut nhung nhung vet nut nay chi co dd md rdng han che 
va ket cau lam viec binh thudng. He thong vet nirt nay la c 6 huru trong BTCT, chung xudt 
hien ngay khi cong trinh bat dau chiu tai trong khdng phai nhu chung ta thudng md hinh 
hoa trong so dd tfnh toan. Khi do md rong vet nut ldn, su phat tridn cua vet nut (vd sd 
lupng, chidu dai va chidu rdng) nhanh thi ctin co mdt su kidm tra chi tid't vi dd la mdt 
bieu hien cua hu hong. Khi do can phan tfch su lam viec cua ket cau de’ tim ra nguyen 
nhan. Su xuat hien cac vet nut co do md rong ldn la dau hieu cua mot trang thai deo cua 
cot thep chiu keo, cung co thd do la su mat kha nang dinh bam giua cot thep va betdng 
do bd mat cua cdt thep bi an mon hoac betong bao quanh cdt thep bi tan ra. 

Cac vet nut xudt hien tren ket cau BTCT co the phan ra cac loai sau: 


* Tren bd mat nSm ngang (hoac gan nhu ngang): 

- Cac vet nut theo chieu doc (song song vdi true doc cua he mat c5u). 
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- Cac vet nut theo chieu ngang (vuong goc vbi true doc cua he mat ciu). 

- Cac vet nut xien. 

* Tren be mat thing dung (hoac gin nhir thing dung): 

- Cac vet nut nim ngang. 

- Cac vet nut thing dung. 

- Cac vet nut xien. 


Vi tri xuit hien cac vet nut phu thuoc vao dang cong trinh va sir lam viec cua no. Chi 
co thb co mbt nhan dinh chung ring lire keo trong bbtong giy ra bbi su co rut cua cot 
thep doc se giy ra vb't nut theo hubng cot thep ngang. Trong trubng hop cac tarn ban, 
mang liroi cot thep trong do doi khi co the gay ra mot mang lubi cac vet nut, cac vet nut 
nay co the tirong doi Ion nhtmg do sau cua chung cung chi han che b lop cot thep ngoai 
cung. Cung phai xac djnh ring cac vet nut khong phai luon luon la nhin thay duoc do la 
cac vet nut xuit hien b phfa ban tren cua dim ben dudi lbp mat ciu. 

3.1.3.1.2. Betong dining life 


Trong khi cac ket ciu BTCT lam viec binh thirdng trong trang thai bi nut thi cac vet 
nut tren ket cau hoac phan to cua betong du ting lire lai thudng la cac diim dang ngcr. Vi 
nguydn tic cac ket cau betong dir img lire dupe thiet ke sao cho tren ket cau tuyet doi 
khong co vet nut, nhung trong nhung thbi gian gin diy ngubi ta co thi chap nhan mot sir 
tao thanh vet nut han che khi chiu momen uon tuy theo muc db xam thuc cua moi 
trubng. Su han che’ nay b muc do nhu the nao di su phin bb vet nut gibng nhu bong 
BTCT thubng nhung chung khong lan tbi betong bao quanh cac cot thep du ung luc va 
chi dirpc xui't hien dubi cac tai trong khai thac lbn nhat. Cac vet nirt xui't hien tren cong 
trinh bing betong du ung luc thubng do cac hien tupng sau day, doi khi chung ket hop 
vbi nhau: 


- Do su phat triin nhanh cua ky thuit, ngubi ta co the sir dung cac bo cot thep du irng 
luc co luc cang rat lbn trong khi db lai khong xem xet den nguy co lam hong cac viing 
betong dubi neo. 

- Ngay nay ngubi ta da sir dung cac ket cau du irng luc co kich thubc rat lbn, chinh su 
thay doi nay da lam xuit hien nhung tac ddng bit ngb doi vbi cong trinh nhu cac viing 
betong dubi neo. 

- Do ap dung cac phuong phap thi cong mbi ma khong quan tarn dung muc den cac 
dieu kien cin thiet nhu dubng hb nhiet betong tren cong trubng, xir ly cac tac dong bac 
hai ma tir trubc den gib vin bi bb qua. 

- Do sir sir dung pho bien cac ket cau sieu tlnh ma doi vbi ket ciu nay - sir thi cong 
chinh xac la dibit kien de tuin theo mo hinh lam viec da gia thiet trong tinh toan. Trong 
thi cong hay sir dung co thd co nhung sai khac so vbi mb hinh tinh toan, ma ngay trong 
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chmh ban than mo hinh tmh toan khong phai luon luon da xet den mot each dSy du tac 
dong cua sir thay doi nhiet, cua sir lun khong dbu, cua sir ph&n phoi lai noi lire dubi tac 
dung cua nhung bien dang cham. 


Chitth vi vav, tb't ca cac vet nut trong ket cau hoac ph£n tu ket c£u bang bbtong dir 
ung lire dbu can phai dupe nhan biet va sir phat hien chung phai dupe quan ly. Khac vbi 
BTCT, trong betong du ung luc mot vet nut manh khong phai kem y nghta, tham chi 
kem nguy hiem hon la mot vet nut mb rong. Sau khi kham pha ra vet nut, nen thuc hibn 
mot cube kiem tra nghiem tuc va chi tiet tu ho so cong trinh va ph&n tfch, danh gia mbt 
each chmh xac de biet nguyen nhan. Dibu quan trong la phai ph&n biet mot vet nut bibu 
thi mot sir lam viec khong binh thuong cua ket ctfu vbi mot vet nut gay ra bbi mot su sai 
hong cue bo hoac vbi su lam viec tuong doi binh thuong cua cac phitn kb't ca'u bang 
betong thuong. 


Vet nut cua cac cong trinh betong du ung luc co the phan loai nhu sau: 
* Ve mat ket ca'u: 


- Cac vet nut doc (thuong g&n song song vbi true doc cua he mat clu). 

- Cac vet nut theo chibu ngang (vuong goc vbi true doc cua he mat cau). 

* V& mat hinh hoc: 

- Cac vet nut nam ngang. 

- Cac vet nut thang dung. 

- Cac vet nut nghieng (tren mot be mat thang dbng hoac gan nhu thang dung) hoac 
xien (tren mot bb mat nltm ngang) 

3.13.2. Vdbetdng 


Khong kb cac trubng hop vb rb ton tai tir khi xay dung cong trinh chua dupe trat va 
lai, khong ke trubng hop vp do va cham, hien tirong vb betong dang luu y la hien tupng 
xay ra khi co su an mon cot thep. Cbt thep gi gay ra > r no the! tfch Ion b vimg chu vi cot 
thep chiu luc lam lbp betong bao ve bi ni'rt, sau do l i ng ra de lai cot thep khong co lbp 
bao vc. 


Khi cot thep de! tran bao hicu hai hien tupng trap: .mug: 

- Sir giam bbt tiet dien cot thep, tbi mot gioi ban nao do gay ra su dii't gay cot thep, 
hau qua cua no cb the! gay ra bien dang thuong clio cong trinh. 


- Do dfnh bam gifra thep va betong suy giant. 

3.1 3.3. Khuyet tat be mat 

Mot so khuyet tat dang nay chi cb anh liubng ve mat tham my, do la cac trubng hop 
bb mat cong trinh bi day ban (dan, mb, vet vbi, \i miing...), lbp mau bi chay vua khi thi 
cong, cac lbp cb mau khac nhau, moi noi giii'a cue lbp db belong xau... hoac chi cb anh 
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hudng han che nhu bot, gay, phSn tang cue bo, Ian cac thu linh tinh (go, giay, dinh) tren 
bd mat edng trinh. Nhung vet nut co th£ xuat hien tren be mat edng trinh, chung co the 
chi la hau qua cua cac m^u day bude, dinh dd lai a day van khuon trude khi do belong 
hoac sir chay nude gi trong trudng hop do betdng vao thdi ky nhieu mua, nhung no cung 
co the’ la bieu hien ben ngoai cua sir gi cot thep, di£u nay la tr^m trong hon. Sir ra ldp 
mat, nhu da, cac vet nut canxi vet o, vet no hoa cho thay ro co nude chay qua bdtong 
thoat ra dudi cac vet nuft. Nude chay nay co thd van con tiep didn hoac cung co the la da 
ngung sau khi sua chfra. 

Dd xac dinh chfnh xac hai hien tuqng trdn, c<in co su theo doi lien tuc, dinh ky nhat la 
trong nhiJng thdi ky mua nhieu. 

Sir phong rdp co the la ddu hieu cua mot sir pha hoai ben trong cua betdng, co thd 
phat sinh d thdi ky hu hong nghiem trong. Mot sir theo doi tang cuoYig doi vdi cong trinh 
dd phat hidn khuyet tat nay la c^n thiet cho viec ch^n doan va danh gia. Cac khuyet tat 
con lai khac (rd nhe, bot, 6 soi, mon, tach vo) cung phai duqc xem xet dimg cho chung 
la cac khuyet tat nho vi chung co thl lam giam hieu qua bao ve cot thep. 


3.1.3.4. Cac sai lech hinh hoc ffquy mo l&n 

Khong k^ ddn cac trudng hop lun sut dich chuyen cua gian giao, van khuon khi thi 
cong, cac khuyet tat vd mat hinh hoc d kd't c&'u noi chung bieu lo mdt sir hoat ddng ba't 
thudng cua goi tua, mong hoac cua he mat c^u. Tinh chat cua no cung nghiem trong anh 
hudng den kha nang chiu tai cua ket ca'u. Vdi he mat cdu, sai lech thudng tha'y nhat la 
dudng cong udn cua thep tren hoac mep dudi he mat cSu so vdi dudng cong thiet kd tren 
mat cat doc, hoac sir udn lupn theo mat bang ciia mep ngoai cau so vdi dudng tim cua 
Cciu. Hd mat Cciu cung co the xav ra sir liin khdng binh thudng do gdi tua, do co bo phan 
kd't cau khdng du cudng dd va co the’ do tac dong cua su thay ddi nhiet. Noi chung 
nhdng sai lech hinh hoc nay thudng dan tdi su xua't hien cac vet nurt, cac dut gay cung 
nhu cac hu hong khac. 


3.1.4. Nhan xet 


Ngay nay nhung sai sot chfnh do thiet ke' da duqc phdn tfch, cac chuong trinh tfnh 
toan qua may tfnh dien tu da trd nen cang ngay cang manh va cho phep thuc thi cong 
viec kidm dinh ngay cang co he thong doi vdi cac ket cau. Nhin chung hien nay rat ft 
van dd phat sinh do viec tfnh toan sai, tuy nhien trong thiet ke van co nhung van dd sai 
lech khi nhung ngudi thiet ke co tim each tdi ini hoa ket cau va ap dung cac dieu kidn sat 
vdi quy dinh. Sau day la mdt so canh bao: 


- Giam khoi luqng belong thi se dan den: 

+ Tao ra nhung ung suat cat ldn hem. 

+ Lam tang luqng thep va gay kho khan khi do betdng. 


84 



- Cap dir irng luc cudng do qua cao va chidu dai qua ldn. 

Thong thudng nhung nha thiet ke thudng chi chu y den ket qua tfnh toan ket cau ma 
khong chu y den sir thiet hai neu nhu nhung didu kien cau tao khong duqc ton trong. 
Dac biet chiing ta da th&'y trong nhieu trudng hop, nude la mot thong so lam tang mure 
do htr hong cua cong trinh. Mot ban thiet ke tot phai chu y den ca didu kien xir ly nude 
thai, tao dieu kien thuan lpi cho ldp mat khong bi tham nude. Nhung hu hong ldn 
thudng gap trong nhung edng trinh gan day chu yeu lien quan tdi qua trinh thi cong. 
Vi vay sir thanh cong cua mot cong trinh trude hc't phu thuoc vao chat luong cong tac 
giam sat thi cong. 


3.2. PHUONG PHAP K1EM TRA DOI V6l CAU BTCT VA BTCT Dl/UNG LUC 


3.2.1. V nghla cua cong tac kiem tra 


Ket cau betong von co tfnh ben vung. Loai trir nhirng hu hong do tmh toan thidt ke 
sai, do sir thay doi qua ldn vd muc do sir dung, do sai sot nghiem trong trong thi cong thi 
cac khuyet tat va hu hong trong ket ca'u betong thudng chi co cac tfnh chat cue bd, didn 
bien cham, co the’ phat hien mdt each de dang va dd bdn vung cung nhu tuoi tho cua 
chiing se khong bi anh hudng neu nhu chiing duoc xir ly ngay lap tire. Chmh vi vay 
cong tac theo doi thudng xuyen, kiem tra chi tiet dinh ky hoac kiem tra dac biet doi 
vdi cong trinh betdng du ung lire de tren co so do quyet dinh cac bidn phap duy tu, bao 
dudng, sira chua hoac tang cudng cong trinh dung luc la vo ciing quan trong trong 
cong tac quan ly. 


3.2.2. Muc dich cua cac cong tac kiem tra 

De nam bat dupe nhung hir hong hay khuyet tat ciia dam BTCT va betdng du ung lire, 
nhung muc tieu tong quat sau day phai dupe quan tarn: 

- Thuc hien kiem tra d6 tao kha nang co thd nam bat dupe nhung hu hong ngay 
tu dau. 

- Nam bat dupe day du kha nang didn bien doi vdi nhung hu hong da dupe phat hidn. 

- Du doan cang chlnh xac cang tot vi thdi gian xuat hien cua nhung hu hong. 

- Danh gia, phan loai cong trinh mot each thfch hop can cur vao dang, loai hu hong, vi 
trf xuat hien ma dieu tra nguyen nhan, xet doan su didn bidn cua chung trong tuong lai. 

- Thuc hien mot each thich hop viec xac dinh phuong phap sira chGa de’ dat hieu qua cao. 

3.2.3. Phan loai cac cong tac kiem tra 


32.3.1. Cong tac kiem tra duoc phan thanh 3 loai (gio'ng nhu doi vdi cau thep - 


muc 2.3.2) 
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3.2.3.2. Nhirng yeu cau chung doi voi cac cong tac kiem tra 

3.2.32.1. Kiem ke 


Tat ca cong tac kiem tra se dirge chuong trinh hoa va thuc hien mot each co hieu lire 
neu trong cac don vi quan ly co nhirng ban thong ke nhung cong trinh ma minh chiu 
trach nhidm va ban thong ke nay luon luon dirge bo sung day du. Hien nay viec ung 
dung tin hgc de quan ly cac cong trinh la vo cung thu&n tien. Cac bang thb'ng ke cong 
trinh can xac djnh chinh xac vi tri nam xay dung, ten co quan quan ly, cac thong sb ky 
thuat chu yeu cua cong trinh. Ngoai ra edn phai dat tren tat ca cac cong trinh m6t phieu 
nhan dang ma miu cua chung da dugc ghi trong phu luc 1. 

32.3.2.2. An todn 


Sir an toan la mot yeu to khong the thieu dugc de thuc hien tot cac cong tac kiem tra. 
Cac di6u kien d6 dam bao an toan can phai dugc tinh den ngay tijf khi thuc hien, van d£ 
nay co lien quan den to chuc va tirng ca nhan ngubi thuc hien kiem tra. Do do, tai m6i 
dem v| quan ly c£n: 


- Xay dung quy che doi vbi to churc cung nhu doi vbi cac ca nhan co trach nhiem 
kiem tra cong trinh. 

- Chuan bj cac trang bj an toan lao dong: qu5n ao bao ho, mu, gi^y, den tin hieu, day 
bao hiem, cac phucmg tien cdp ciru. 

- B6 tri nhung thiet bi an toan cho cong tac kilm tra nhu lan can, cac di6m treo chdc 
chdn, cac bang tin hieu... 


3.3. PHAN TICH SI/AN MON BTCT CUA CONG TRINH BIEN VA YEN BIEN 


Song song voi su phat tri^n cua cum kinh te ldn van de bao ve va sua chua cac cong 
trinh xay dung duoi tac ddng xam thuc cua moi trubng ven bien ngay cang trb nen cdp 
bach. Thuc te b Viet Nam cho thay phdn Ibn cac cong trinh BTCT ven bien chi co do 
ben 40 - 50% tudi tho du kien. De co the dam bao va keo dai tuoi tho ket cau BTCT 
trong viing bien thi can co cac bien phap bao ve tu dau thong qua cong doan thiet ke va 
thi cong tuong ung vbi di6u kien moi trubng cung nhu co cong nghe duy tu - sua chua 
phu hgp vbi tinh chat dac thu cua cong trinh biSn. 

3.3.1. Tinh chat xam thuc ciia moi trubng ven bien Viet Nam 


Moi trubng xam thuc ven bi6n co the dugc phan chia lam 3 viing: viing ngap nubc, 
viing nubc len xuong, viing khi quyen tren bien va ven bien. Tuy theo tinh chat xam thuc 
cua tirng viing ma qua trinh an mon betong va cot thep co khac nhau. 

Nubc bien Viet Nam, cung nhu cua nhi£u noi khac tren the gibi, co chira mot so mubi 
mang tinh xam thuc tbi betong va cot thep nhu NaCl 2,7%, MgCU 0,32%, MgS0 4 0,2%, 
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CaS0 4 0,13%, KHC0 3 0,02%. Vung gan cua song nong do cac chat noi tren co giam. 

Khf quybn bibn khac so vbi trong noi dia, co chira lucmg ion clorua cao. Anh hubng cua 
khf quyen co the vao sau trong dat libn tbi trbn 5km. Vbi do cao tit 70 - 100m each mat 
bien, nong do ion Cl da bi loang dang ke. Ham luong muoi Cl' 0 mibn Nam nhin chung 
cao hon mien Bhc. Cac so lieu khao sat gop phan hoach dinh vimg duoc goi la "Khf 
quybn ven bien" trong qua trinh thiet ke va thi cong cong trinh bien. Db so sanh co the 
din chiimg vf du Tieu chuin Uc AS3600 phan vung khi quydn ven bi6n thanh hai mi^n: 0 
- 1km tir 1 - 50km each mep bien. Ket cau BTCT duoc bao ve a cac cip khac nhau tuy 
theo timg midn. Ngoai cac nhan ion Clorua, khi quyen ven bi£n Viet Nam con co mot 
so tfnh chat dac thu cua vung khf hau nhiet dbi im, cac yeu to nhur d6 im, nhiet d6 va 
sir thay doi thcri tiet theo chu ky kho am cung co anh hircmg dang ke tdi toe do an mon 
betong va cot thep (xem bang 3.1). 

Bang 3.1: Cac thong so khf hau 0 mot so dia phuong ven bien Viet Nam 


So ngay 
surong mu 
trong nam, 
(ngay) 


15,0 


Dia phuong 

Dao dbng nhiet do 
khong khi 
trong nam, 

(°C) 

Db am 
trung binh 

nam, 

(%) 

Lucmg mua 
trung binh nam, 
(mm) 

Thanh pho Ha Long 

15,8-28,5 

82,0 

2016,2 

Hai Phong 

16,3 - 28,2 

85,0 

1808,2 

Vinh 

17,6-29,6 

85,0 

1994,3 

Da NSng 

21,3-29,1 

82,0 

2041,5 

Nha Trang 

23,8 - 28,4 

80,0 

1358,9 

Vung Tau 

25,6 - 28,9 

78,0 

1346,8 

Ca Mau 

25,1 - 27,9 

84,0 

2365,7 

Rach Gia 

26,0 - 29,0 

81,0 

2056,9 



Net dac trimg co ban ciia khf hau Viet Nam la do am rit cao (> 80%). Nhiet do trung 
binh tuong dbi Ion. Mibn Nam co nhiet do cao hem mien Bic. Tuy nhien mien Bac lai co 
bibn do dao dong nhiet do lbn hon mibn Nam va kern theo nhibu ngay sirong mu, gay 
im trot true tiep bb mat kbt cau. Mot yeu to can phai ke tbi nua la hien tuemg mua rao 
dot ngot b Viet Nam tao nen cac chu ky kho am va lam tang tbc qua trinh tham luong 
muoi lbn vao dat lien. Tong hop tat ca cac yeu to khf hau noi tren ket hop voi nbng do 
muoi Cl cao trong khong khf cho thay khf quybn ven bien Viet Nam la moi trubng xim 
thuc manh tbi ket cau BTCT va co nhung net dac thu rieng so vbi cac vung bibn khac 
trbn the gibi. 
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3.3.2. Hien trang va nguyen nhan an mon BTCT vung ven bien Viet Nam 

Doc theo ven bien Viet Nam ter BSc vao Nam hien nay co rat nhieu cong trinh BTCT' 
duoc x&y dung vdi cac nien han khac nhau.Trong mot nghien ciru tren hon 30 cong trinh 
BTCT da duoc khao sat n&m trong cac vung xam thuc khac nhau cua moi trubng ven 
bien, ngubi ta da th&y la trong moi trubng khi quyen ven bien co tr6n 50% cong trinh da 
bi an mon toan dien, nien han su dung it hon 30 nam. Trong sb cong trinh ngap nude va 
tren bien, chiu tac dong cua vung thuy trilu len xuong co tdi 70% da bi hu hong nang va 
nien han sir dung cung khong qua 30 nam. Dac biet co nhiing cong trinh chi sau 5-10 
nam sir dung da bi an mon trim trong. 

Cac so lieu tren day tuy chua phan anh that chinh xac muc do hu hong cac cong trinh 
ven bien nhung qua do co the thay ro mot di6u la tinh trang thibt kb va thi cong nhu hien 
nay cac cong trinh ven bien dang bi xubng cap nghiem trong lam gr im dang ke’ hieu qua 
diu tu xay dung co ban. 

33.2.1. An mdn betong 

Thuc te cho thay betong chi bi an mon d viing ngap nude va vung nude thuy trieu len 
xuong. Pho bien li an mon d dang rira troi. Dac biet la tai cac vi tri chiu tac dong mai 
mon cua song bien, qua trinh nay cang th£ hien ro net hon. Hien tuqng rira troi da xi 
mang trong nude bien duoc giai thich bdi cac phan ung tao san pham hoa tan Ca(HC0 3 ) 
va CaCl 2 giua cac chat xam thuc trong nude bien nhu H 2 C0 3 , MgCl 2 ... vdi Ca(OH) 2 tu 
do va CaO trong thanh phin san phim thuy hoa. 

Cac so lieu phan tich do pH cua betong tren mdt so cong trinh lau nam trong moi 
trubng nude bien cung khing dinh nhan dinh tren (bang 3-2). 

Bang 3.2: Do pH va cirbng do cua betong 
tren mot so ket cau lau ndm trong nude bi6n 


Ten cong trinh 
(Nien han) 


Cang ca Vung Tau 
(35 nam) 


Gang hoa tieu Vung Tau 
(32 nam) 


pH theo chieu sau, cm Ctfcmg do be 

- 5 5-6 daN/cm 2 


8,43 10,4 11,32 11,35 11,3 11,36 



I 


Cang Hon Gai (95 nam) 


Ghi chit: Do pH han ddu trong betong khodng 12,5 


,6 11,6 11,65 11,65 11,65 11,65 


10,5 10,9 11,2 11,5 11,8 11,8 


112,5 


105,0 


Hien tuong "an mon sunfat" nhu nut ran be mat hiu nhu khong thay xuat hien ke ca 
cac cong trinh lau nam tren va trong bien. Tuy nhien khong phai t&t ca betong ddu bi an 
mon nhanh chong trong nude bien. Vi du, betong tren cac cong trinh cang than Cpc 5, 
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cang Tien Sa - Da Nang. Cang xuat nhap khau Vung Tau... vSn con ran chac, cufrng do 
bd mat dao dong khoang 300 - 400 daN/cm 2 . Cac chi so phan tfch thanh phdn bgtong 
cho thay mac du ngam lau dai trong nude bien nhimg then tuong an mon da khong xay 
ra hoac neu co thi cung khong dang kg. 

3.3. 2 . 2 . An mdn cot thep 


Ket cau BTCT co the pha huy bdi an mon betbng hoac an mon cdt thep, trong vung 
bidn hien tuong thirdng xuyen hon la an mon cot thep dan tdi nut ldp bgtong bao vg va 
pha huy toan bo ket cau, thuc trang nay thuong gap a cac cong trinh hay bo phan cong 
trlnh n4m trong vung nude thuy trigu len xuong hoac trgn bd bien. Digu kien c^n de cdt 
titep bat ddu gi la do pH trong bgtbng giam dudi gia tri 11,0 hoac ham lupng Cl tu do 
vuot qua ngudng 0,2 - 0,4% xi mang. De qua trinh an mon cdt thep phat tri^n manh thi 
con phai can tdi oxy va hoi nude tham thau vao bgtong. Su suy giam pH cua bgtong 
trong viing bien dupe gay ngn bdi qua trinh rua troi (nhu da phcln tfch d trgn) hoac qua 
trinh cacbonat hoa trong khi quyen. Trong thuc te cac qua trinh trgn dign ra tuong ddi 
cham va thudng khong phai la nguyen nhan chinh gay gi cdt thep. C) day su tfch tu ion 
C’l trong bgtong qua qua trinh su dung mdi la nguyen nhan chfnh dSn tdi gi cdt thep. Td'c 
do khuech tan ion Cl phu thuoc vao ban than ldp bgtong bao vg (chigu day, kha nang 
chong tham thau) va phu thuoc vao digu kien nidi trudng. Tai cac chieu sau 2cm tu be 
mat betong, do pH cua bgtong van con cao va khong co su khac biet nhigu gitra vung 
khong khi bign va vung nude Ign xuong. Trong khi do ham lupng Cl da nga'm vao d muc 
cao du kha nang gay gi cdt thep va mure do tham thau d vung nude len xuong ldn hon 
gap 2 - 3 htn vung khi quyen bi^n. Digu nay minh hoa cho tfnh chat khac nghigt khac 
nhau giua cac vung xam thuc cua mdi trudng bien va ddi hpi phai co bien phap bao vg 
tuong ung. 


3.3.2.2.1. Xu ly so lieu xae diuh muc do xam thuc do 


a) Qua trinh xam thuc do 

Co che gay gi do clo da dupe trinh bay trong nhieu tai lieu. Qua trinh xam thuc ion 
CT trong bgtong co the dien ta bang dinh luat Pick : 


C x , = c () 


-erf 


2 sTu 


(3.3) 


trong do : 


C x t la ndng do ion Cl xam thuc trong betong tai thdi diem t d do sau x. 

C 0 la ndng do ion Cf hap thu trgn bg mat bgtong vdi gia thiet khong thay doi va 
la mot hang so (kg/cm 2 ). 

x la chigu sau xac dinh ndng do ion Cl (cm). 
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( 34 ) 


D c la h^ng so xam thuc cua nong dd ion Cl (cm 2 /nam). 
t ia thdi gian khai thac cdng trinh (nam). 

erf ia ham dp sai (con goi la tich phan xac sua't sai s6) tinh nhu sau : 


erf(z) = — fe -t dt 
n J 


Phuong trinh (3.3) la phirong trinh co ban trong nghien cufu danh gia mure dp xam 
thuc clo. Tir phuong trinh trdn co thd du bao dupe thbri gian c6t thep bat dau bi gi, lira 
chon chidu day lorp betdng bao vd voi mpt thdi gian yeu c£u cho trude trong cac bai toan 
thid't k£ mdi hoac sira chGa. 


b)Xu ly xac dinh C 0 va D ( 

De su dung dupe phuong trinh tren can phai xac dinh dupe hai he so quan trong la C 0 
va D c . 

C 0 la ham lupng clo hap thu tren b6 mat betdng. Tuy nhien do di6u kien mPi 
trucmg trude khi lay mSu (co th6 do mua, gio...), gia tri C 0 ngay tren be mat betdng 
thuerng khong phai la ldn nha't. Gia tri C 0 dupe coi la hang so va Ion nha't thudng each 
b£ mat tir 5-15mm. Tai My thudng la'y ham lupng clo tai d6 sau 0,5 in (1,27cm) dupe 
coi ia gia tri C 0 . 


D c ia hang s6' xam thuc cua ion Cl , no phu thuoc dp dac chac cua betdng, kha nang 
lien ket giua ion Q' va cac khoang chat co trong xi mang va dieu kien mdi trucmg. Tai 
cac nude phat trien, d^ xac dinh chmh xac D c , can co mdt chuong trinh nghien curu co 
ban quy mo tren pham vi toan lanh th<5. Vide tinh toan D c dua vao phuong trinh (3.3) 
theo phuong phap binh phuong nho nha't. Tai cac nude co dieu kien vung va lanh thd 
khac nhau nhung chua co didu kidn nghien cuu co ban nhu Viet Nam, viec xac dinh 
chmh xac D c trong tinh toan con nbieu kho khan. Viec danh gia mure dp xam thuc clo 
d Vidt Nam mdi chi bat d£u dupe quan tarn khoang tir 1995 trd lai day chii yeu la phuc 
vu danh gia cac c^u c£n phai kiem tra danh gia khi tie'n hanh cac du an nang ca'p cac 
QL IA, QL 51... 


De xac dinh C 0 va D c can tien hanh : 

- Khoan la'y mdu bpt bdtdng trdn betdng can danh gia theo timg dp sau (thudng tir 
0-10mm, 10-20mm,... 50-60mm). 

- Rian tich ham lupng clo cua cac mau trong cac phong thi nghiem. 

Dua trdn cac ket qua phan tich mlu va cong thuc tren dd xac dinh C 0 va D c . 

Dua vao cac so' lidu hidn co tai Trung tarn KHCN Bao ve edng trinh va phuong tidn 
van tai thupcTVidn Khoa hoc va Cdng nghe GTVT (dac bidt ia cac so' lieu phan tich phuc 
vu danh gia cac c£u tren doan Vinh-Ddng Ha thuoc QL 1 A, Dong Ha-Da Nang), da tid'n 
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hanh xir ly tim D c cho mot so cau cu the va qua do co gang rut ra m6t nh$n xet nao do. 
Mot so ket qua xir ly trong mot so vung co cac cau da danh gia trinh bay trong bang 3.3. 
Day chi la nhung ket qua thu thap dupe trong qua trinh ki&n tra danh gia efiu BTCT, 
chua phai la ket qua nghien cuu co he thong theo mot chuorng, trinh dupe hoach dinh 
san. Nhung ket qua nay cho tha'y he so xam thuc clo a Viet Nam tuemg ddi cao va co 
anh huong Ion den tuoi tho cua ket ca'u BTCT. Nhung c£u chiu khi hau ven bi^n, d6 
dm va nhiet do cao co he so xam thuc clo kha 16n. Vcri chidu day lop betPng bao v6 
vao khoang t£r 30 den 40mm, cot thep co the bi gi do clo va anh huong den kha nang 
khai thac cua cau. 


Bang 3.3 : He so xam thuc do cua mot so vung 


Viing mien 

Ten cac cSu 

So mlu 
phan rich 

He so xam thuc 
clo D c trung binh 

Mi£n Bac 

(mot so cdu 6 Ha Noi, 
Ha TSy) 

Cau Troi, cdu Kim Sofn, cau Di£n, 
cau Thanh Quang, cau Phu Thu... 

18 

2.897 x 10 12 m 2 /s 
(0,914 cm 2 /nam) 

Mien Trung 
(mot so cau tr£n 

QL1 A, a Quang Tri...) 

C^u Tri, cau Rong, cdu Khe Nuoc, 
cau Ba Noi, cau Nuoc Man, cau 
Dang Day, cau Dien, cau Bao Dai, 
cau Khe Cay, cau Chau Thi... 

60 

6.725 x 10 12 m 2 /s 
(2,120 cm 2 /nam) 

Mi£n Nam 

(mot so cdu 6 TP Ho 
Chi Minh va lan can...) 

Cau Thai Thai, cau Ba Doi, cau Thi 
Dua, c^u Ba Tieng, cau Cho Dem, 
cdu Su6i Cai, cau Ben Mircmg... 

60 

9.054 x 10 12 m 2 /s 
(2,860 cm 2 /nam) 


c) Ngifdng an rtidn cor thep do clo 


Theo nhiSu nghien cum, ham lupng clo gay an mon cot thep phu thuoc vao nhiSu yeu 
to khac nhau (do pH, thanh phfin khoang chat cua xi mang, dp va lupng oxy khuPch 
tan a mi6n lan can cot thep trong betong...). Theo cac nghien ctru da c6ng bo, qua trinh 
gi cP't thep co the bat daii khi ham lupng clo co trong betong n4m trong khoang 
0,200-^0,202 % ham lupng xi mang. Doi vcri betong ehe tao tir xi mang Poocland thuemg 
co do pH=12M3. Mot so nghien cuu da d6 nghi sir dung nguemg an mon clo la 0,4% 
trong lupng xi mang hoac la 0,06% trong lupng betong. 

3.32.2.2. Xt‘( ly so lieu xdc dinh unite do xdtn tlnte cuchonat 
a) Qua trinh xdtn tlu/c cuchonat 

Mot trong nhung nguyen nhan gay suy giam chat lupng betong va gay gi cot thep 
la betong hi cacbonat hoa. Theo Pick, mire do xam nhap cacbonat tuan theo luat can 
bac hai : 
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x = K c Jt (3.5) 

trong do: x la chieu sau xam thuc cacbonat (mm); K c la he so cacbonat hoa (mm/ 
(nam)° 5 ; t la thbi gian (nam); 

He so cacbonat hoa co the dung de danh gia chat luong betong 

- Neu K c < 3 mm/(nam) 0 5 thi chat luong betong duoc coi la tot. 

- Neu K c > 6 mm/(nam) 0,5 thi chat luong betong duoc coi la kem. 

b) Xdc dinh he so cacbonat hoa 

danh gia mbc do xam thuc cacbonat, dung cha't chi thi m^u la Phenoltalein 
de; kiem tra. Ndu do pH > 8,3 thi bd mat betong khi cho chat chi thi mSu se co mau 
do, betong co chat luong con tot. Neu bien thanh mau xanh thi betong da bi xam 
thuc cacbonat. Do chidu sau xam thirc va xir ly tuong quan se tim duoc he so 
cacbonat hoa K c . 

O Viet Nam, hien nay cung chua co cac nghien curu co ban vd mdc do xam thuc 
cacbonat tren toan lanh tho. Trong qua trinh thuc hidn danh gia cau 6 cac midn, mot so 
ket qua ki^m tra da duoc thong kd trong bang 3.4. 


Bang 3.4 : He so xam thuc cacbonat cua mot so vung 


Vung niidn 

Tdn cac c£u 

SO' 

mSu 

He so xam thuc 

cacbonat trung binh 

Mien Bdc 

(mot s6 c^u b Ha Noi, 

Ha Tay) 

Cau Troi, cau Kim Son, cau Dien, 
cau Thanh Quang, cau Phu Thu:... 

18 

6.734 mm/(nam) 05 

Mien Trung 
(mot so c^u trgn QL1 A, 
bQuang Tri...) 

Cau Trf, can Rong, cau Khe Nude, 
cau Ba No , cau Nubc Man, cau 
Dang Day, cau Dien, cau Bao Dai, 
cau Khe Cay, cau Chau Thi... 

60 

5.214 mm/(nam) 05 

Mien Nam 

(mot so c£u b TP 

Ho Chf Minh va lan can...) 

Cau Thai Thai, cau Ba Doi, cau Thi 
Dua, cau Ba Tieng, cau Cho Dem, 
cau Suoi Cai, cau Ben Mirong... 

60 

5.872 mm/(nam) 05 


Qua phan tfch cac ket qua do co thd rut ra nhan xet : Do anh hubng cua do ^m mdi 
trubng va chat luong thi cong betong tuong doi kem, he so xam thuc cacbonat 6 Vidt 
Nam tuong doi cao. 

Xet ve ban chat vat lieu, betong va BTCT duoc ca'u thanh tir cac vat lieu thdng thucmg 
nhu hien nay, khbng phai la khong su dung duoc trong moi trubng bien. Cho tbi nay 
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belong va BTCT van la nhirng dang hinh vat lieu phii hop doi vdi cac cong trinh bi^n. 
Van dd can phai xem xet la nhirng nguyen nhan gi da dan tdi sir suy giam do bdn nhanh 
chong cua cac cong trinh ven bien Viet Nam. Qua qua trinh khao sat sir c 6 hur hong do an 
mon eiia mot so cong trinh ven bien Viet Nam co the’ due rut nhirng ket luAn chinh sau: 

- Mac (cap) betong va chieu day Idj) boo ve khdngphu hajy vdi moi trixdng bien: Theo 
TCVN 5577 - 91 belong chiu lire duqc thiet ke co the’ tdi mac 200 va chieu day Idp bao 
ve durqc phep tdi thieu 15-20 mm. Vdi cac thong so tren betong khdng du kha nang bao 
ve cot thep lau dai trong moi trirdng bien va co kha nang khdng ben trong mdi tnrdng 
nude bien. Do la chua tinh tdi trinh do thi cong kem con lam giam 30 - 40% chat lupng 
so vdi veil cAu thiet ke. 


Sd dung cac vat lieu ddu vdo co nhiem man cao: Do chira co quy dinh gidi han ham 
lirqng CT ban dau trong betong nen dan tdi viec sir dung tuy tien cat nhidm man hoac 
nirdc lo de che tao betong. Da co nhidu trirdng hop ham luqng Cl ban d£u ldn tdi 6 - 
7kg/m 1 (nhu cong trinh benh vien K67) trong khi thudng chi dirqc phep tit 0,6 - 0,8 
kg/nr. Vdi ham luqng Cl nhu trdn du de gi cot thep trong thbi han rdt ngan. 


- Gidi phup hoac chi tiet thiet ke khdng phu hoj) vdi moi trudng bien : CJ day co th^ kd 
tdi viec khdng lira chon tir ban dau cap nut tdi da cung nhu khdng khdng chd duqc cac 
vet nut phat sinh do tinh loan thieu tai trong song va gio bi£n hoac thidu cac chi tid't xir 
ly mdi noi, mach ngimg thi cong, cdu tao kien true... Ta't ca cac khiem khuyet gop phan 
cho nidi trudng xam thirc co didu kien tiep can nhanh tdi cot thep hoac tao cac vj trf !m 
udt thudng xuyen tren cong trinh va day nhanh qua trinh gi cdt thep. 


- Thieu bien phdp bao ve bo sung cho cong trinh bien: Co nhidu trudng hop, vi cac ly 
do kinh te - ky thudt tna ket can BTCT duqc thiet ke vdi chidu day bao vd mong (nhu cac 
ket cAu san 6 vang, lan can...) hoac vdi Idp bao ho khdng du nang luc bao ve trong mdi 
trudng xam thuc khAc nghiet. Khi do do khdng ap dung cac bien phap bao ve hd trq nhu 
son, trat phu, boc ngoai hoac tang cudng do chong tham hay kha nang bao ve cdt thep 
cua betong phu bang phu gia... do ben cua BTCT cung bi suy giam manh. 


3.3.3. Ve ban chat hoa hoc cua cac qua trinh an mon betong 


3.3.3.1. Khdi niem 


Tuoi tho cua cac cong trinh xay dung do nhidu yeu to dong thdi tac dung tdi, trong do 
co yen to pha hoai cua mdi trudng dac biet la moi trirdng bien doi vdi betong va BTCT. 


Van de nay da duqc cac nude tren the gidi quan tam nghien cdu tir nhirng nam 70 va 80 
ciia the ky trude. Co so lieu d mot so \ iing bien nhu sau: 
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Bang 3.5. Thanh phan hoa hoc cua nude bien (mg/I) 



Ten cac ion va 
cac chat 


Nirofc bi6n d cac vung 


Cang 
Hon Gai 


Cang 

Hai Phong 


Cang 
Vung Tau 


Mo dAu 
Bach Ho 


10133 



S0 4 2 - 


HCO, 


6522 - 17932 


1421 - 2574 


88 - 146 


9- 18522 


2 - 2269 


70- 141 


1008,95 


14232 


2019,64 


105,09 


1239,91 


18612 


2608,5 


79,33 



Oxyt hoa tan 


D6 mud'i (°/ 00 ) 


Tdng d6 ki6m 


pH 


7,8 - 8,4 


7,5 - 8,3 


Ngudi ta tidn h&nh xac dinh ham luong mu6i Qorua va sunphat sa ling tr6n b£ mat 
vai kh6 vung khf quyen tren bien Bach Hd. Trong do, ham luong mu6i NaCl la 
328,3mg/m 2 thang, con ham luong rnubi Na 2 S0 4 la 109,7mg/m 2 thang. Cac ket qua tren 
chumg to ham luong cac mu6i trong nu6c bien va khong khf bi6n la rat ldn. Nhu vay cac 
cong trinh dudi bi6n, trOn bidn va ven bi^n deu bi anh hudng bdi su an mon cua nude 
bien va khbng khf bien. 6 nude ta, e tc nha xay dung da chu y tdi su pha hoai cua m6i 
trudng nay, song cac chung loai xi i tang san xuat d nude ta con rat don dieu, cac vAt 
lieu va phu gia sir dung vao muc dich chdng an mon cua moi trudng bien con qua thieu 
tren thj trudng vat lieu xAy dung. 

Trong hoan canh hiOn nay, neu nhan thuc dupe cac nguyen nhan an mon betong trong 
moi trudng bien, chung ta co th^ tim ra giai phap khAc phuc kho khan tren mdt each co 
hieu qua. Chung ta da biet, sail pham hydral hoa xi mang la cac hydrocanxisilicat dang 
ben nhiet dong nhat CSH (B), cac hydrocanxiAluminat, hydrocanxi - feroalumosilicat 
dang ben nhiet dong nhat la C 3 AH 6 , C 3 (A,F)H 6 cac hydroxit Ca(OH) 2 , Al(OH) 3 , cac 
hydrocanxi sunphoaluminat v.v... 

Trong cac san phAm hydrat hoa xi mang co Ca(OH) 2 va C 3 AH 6 . Ham lupng Ca(OH) 2 
trong da xi mang tu 10 - 18% (tmh chuyOn thanh CaO) phu thuoc vao thdi gian dong 
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ran. Trong nude ngot, do hoa tan ciia Ca(OH)-, la 1,3g/1. Nhung nude bien co NaCl va 
Na : S0 4 . nen do hoa tan cua Ca(OH) 2 la Ion lion so vdi nude ngot. Vi vay, khi 
da xi mang va BTCT tiep xuc vdi nude, nhat la nude bien xay ra sir chiet ki£m, nghia la 
ham Iirong Ca(OH) 2 giam den gia tri tbi han doi vdi mdi san pham hydrat xi mang thi 
cac san pham nay b^t dau co sir phan huy, thi du: Khi nong do CaO < 1,1 g/1, Cac 
hydrocanxisilicat co do basic cao se phan huy thanh hydrocanxialuminat co do basic cao 
(C 4 AH 6 ). Trong ihuc te cudng do betong bi giam ngay tijr khi Ca(OH) 2 bi rua trdi mbi 
chi mot ph^n. Theo so lieu Moskvin, sir chiet kidm 15 - 30% Ca(OH) 2 so vdfi tong ham 
luong cua no trong da xi mang, cudng do giam 40 - 50%. Su chiet kilm xay ra manh me 
dac biet khi nude, hoac nude bien bi loc qua bdtong dudi ap luc (thi du ap lire do muc 
nude chenh lech, ap lire do song v.v...). Khi do tren be mat betong xuait hien ldp mong 
trang ma ta goi la sir "chet trlng" cua betong. 

De t hong lai si/ an mdn betong do chiet kiem co the: 

- Sir dung xi mang co ham luqng khoang C 3 S th£p. VI Ca(OH) 2 trong betdng chit ydii 
do khoang C 3 S thuy hoa giai phong ra theo phan img sau: 

C 3 S+H 2 0->CSH(B) + Ca(OH) 2 (3.6) 

- Co the nghien chung Clinker xi mang pooclang, thach cao va phu gia thuy, hoac co 
thd nghidn ridng phu gia thuy, sau trdn ddu vdi xi mang pooclang goc. 

Neu che tao betdng cho cac edng trinh bidn can sir dung phu gia hoat tinh co ham 
luong Si0 2 cang cao va ham luong A1 2 0 3 cang thap cang tdt. Vi Si0 2 hoat tinh se tac 
dung vdi Ca(OH) 2 co do hoa tan Ion tao thanh hydro canxi silicat - CSH (B) co do hoa 
tan nho khdng bi tach chiet ra moi trudng nude. Ncu phu gia hoat tinh co ham luong oxit 
nhom hoat tinh Ion thi oxit nlioin cCmg tac dung vdi Ca(OH) 2 tao thanh chat co do hoa 
tan nho la hydro canxi aluminat. Nhirng hydrocanxisilicat lai chinh la nguyen nhan sinh 
ra sir an mon sunphat se trinh bay tiep sau nay. Nhirng phu gia hoat tinh phu hop cho 
muc dich nay a midn Trung co thd nghien cuu sir dung diatomit phong hoa, da bot (phun 
trao bazan) co ham luong A1 9 0 3 va ki6m thap. 


3.3.3.2. An mdn sunphat 

Nude bien ngoai muoi NaCl con co mot loat nutoi khac nhu Na 2 S0 4 , MgS0 4 . Cac 



mot so viing. Vi vay, khi da xi mang va betdng tiep xuc vdi mdi trucmg nay xay ra an 
mdn sunphat. Sir tin mdn cua sunphat xay ra dudi tac dung cua ion S0 4 2 ’ lien quan 
vdi cac cation nhu Na + va Ca + . Cac dang khac tih.au ciia su an mdn sunphoaluminat. 
Su an mdn sunphoaluminat xuat hien trong nude chua ion S0 4 2 ' ldn hon 250mg/l. 
Luc nay, Ca(OH) 2 trong da xi mang va betdng phan ung vdi S0 4 2 ' tao thanh thach 
cao theo phan ung: 
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Ca(OH) 2 + Na 2 S0 4 + H 2 0 = CaS0 4 . 2H 2 0 + 2NaOH (3.7) 

Thach cao tao thanh a phln rdn, the tfch tang 2,24 ISn. De c&n bang, cac hydrosilicat 
do basic cao d^n dSn bi ph&n huy thanh cac hydrosilicat dd basic th&'p va giai phong 
ra vdi. 

Thach cao tao thanh lai l£n luot tham gia tac dung vdi cac hydrocanxialuminat trong 
da xi mang va betong theo phan ung: 

3CaO. A1 2 0 3 . 6H 2 0 + 3(CaS0 4 . 2H 2 0) + 19H 2 0 
= 3CaO. A1 2 0 3 . 3CaS0 4 . 31H 2 0 (3.8) 

Ket qua tao thanh ettringit ft hoa tan tit C 3 AH 6 ran co the tfch tang khoang 2,5 l£n so 
vdri th£ tfch ban d^u, nen ung su£t ndi trong betdng xud't hien va tao thanh cac vd't nut 
lam sao cho sir an mon sunphat nhanh chong di s^u vao trong khoi betong. Nhung 
ettringit tao thanh b pha ran chi khi n6ng do Ca(OH) 2 ldn hofn 0,46 g /l (tfnh theo CaO). 
Khi nong do Ca(OH) 2 trong dung dich khong dang k£, n6u dna vao xi mang phu gia 
hoat tfnh thi phan ung giufa sunphat va aluminat khdng xay ra, hoac xay ra qua dung 
dich nen khdng g£y ra tmg suat pha hoai trong betong. Cho nen xi mang pooclang 
puzolan b^n vdi m6i trucmg sunphat hem xi mang pooclang thdng thucmg. Khi co mat 
ion Q , an mon sunfat xay ra a mure d6 tha'p horn. 

Neu ham lirqmg ion S0 4 2 'trong nude ldn horn 1000 mg/1, an mon thach cao chiem iru 
the. Vi thach cao tao thanh lang dong trong cac 16 mao quan cua da xi mang. 

Khi gia edng cac san phlm bdtong trong noi ha'p (autoclave), do bdn sunphat cua 
bdtdng tang len. Vi trong tnrdng hop nay cac hydrosilicat ft hoa tan CSH (B) va 
hydrogranat C 3 (A,F) S n H 6 . 2n co do b4n sunphat cao dircrc tao thanh. 

Qua phan tfch v6 sir an mon sunphat ta tha'y, dd khac phuc sir an mon sunphoaluminat 
nen dung xi mang co ham liromg khc ang C 3 S va C 3 A tha'p con khoang C 4 AF d mdc dd 
vira phai. Nd'u bdtong su dung d noi khdng bi nong lanh, kho am thay doi thirdng xuyen, 
dung xi mang pooclang xi thi tot hon. 

3.3.3.3. Art mdn Magie va Magie sunphat 

Trong nude bien, ngoai muoi sunphat con co cac muoi magie khac nhau hoa tan. Do 
do betong ngoai an mdn sunphat con bi an mdn magie. Sir tac dung cua magie ldn 
bdtong phu thude khdng chi vao cation ma ca anio. Khi dd, muoi magie bdtong tham gia 
tac dung vdi Ca(OH) tao thanh muoi canxi dd tan va Mg(OH) 2 ft hoa tan sa lang thanh 
khdi xop. 

MgCl 2 + Ca(OH) 2 = CaCl 2 + Mg(OH) 2 (3.9) 

Neu trong nude co ham luomg ion magie ldn hon 500mg/l thi nude nay la nude an 
mdn magie. Nhung nude chua magie sunphat la nude tac dung an mdn manh me nhdt 
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ldn da va betdng. No khac vbi natri sunphat la nude chua magie sunphat khong chi phan 
ung voi Ca(OH) 2 va hydro aluminat ma con phan ung vdri ca hydrosilicat. Bbi vi, 
Mg(OH) 2 tao ra do phan ung: 


MgS0 4 + Ca(OH) 2 + 2H 2 0 = CaS0 4 . 2H 2 0 + Mg(OH) 2 (3.10) 

Co do hoa tan rat thap va gia tri cua pH (10,5) ra't nho, ndn cac hydroaluminat va 
hydrosilicat bat dau bi phan huy giai phong ra Ca(OH) 2 . Ca(OH) 2 tham gia tac dung vdri 
MgS0 4 mot ian nua lai tao thanh Mg(OH) 2 va lai bat dau tiep tuc hoa tan cac hydro 

silicat. MgS0 4 ngoai tac dung vdri Ca(OH) 2 nhu phan urng trdn, con tac dung voi hydro 
aluminat va hydro silicat theo phan ung nhu sau: 


3MgS0 4 + 3CaO. Al 2 O v H 2 0 + 6H 2 0 = 3CaS0 4 . 2H 2 0 + 2A1(0H) 3 + 3Mg(OH) 2 

3MgS0 4 + 3CaO. 2Si0 2 . 3H 2 0 + nH 2 0 = 3CaS0 4 . 2H 2 0. nH 2 0 + 3Mg(OH) 2 ( 311 ) 

Nhu vay su an mon magie sunphat manh hon dang ke so vdri an mon magie hoac an 
mon sunphat thuan tuy. Cho nen, khi co mat ddng thdi ion Mg 2+ va S0 4 2 ', nong dd cho 
phep gioi han cua chung can phai thap hon. 


Ngoai Mg(OH) 2 neu trong nudrc chua cac sunphat kim loai khac nhu Al 3 \ Zn 2+ cung 
co tac dung an mon betong tuong tu. Rieng amoni sunphat an mon bdtong manh hon. Vi 
(NH 4 ' 2 S0 4 tac dung vofi Ca(OH) 2 tao thanh NH 4 OH hoa tan tot trong nude, cho nen no 
tu rua troi khoi betdng va lam pH giam dang ke. Neu betong che tao trdn co so xi mang 
sunphat xi du bdn chdng lai dupe tac dung cua dung dich 0,5% (NH 4 ) 2 S0 4 . 

Nhu vay sir thay doi thanh phan khoang cua xi mang ft anh huong ldn dP b6n cua 
betdng trong nudrc chua magie va magie sunphat. 

3.33.4. An mdn gay ra bai kiem cua xi mang 


Ar mdn gay ra bdi rnoi trubng xam thirc khac nhau len da xi mang va betdng da dupe 
nghien cuu tu lau, nhung dang an mdn dac biet cua betdng trong moi trubng khong xam 
thuc mdi dupe quan sat thay b nhung nam 40 cua the ky nay. Dd la qua trinh pha hoai 
khong chi ben ngoai ma ca cac ldp ben trong cua betdng sau khi xay dung xong cong 
trinh Tidt thbi gian dai mdi xuat hien. Nguyen nhan cua su an mdn dang nay la do ki6m 
chua trong xi mang da tac dung voi Si0 2 hoat tinh la Opal, Khanxedon, Tridimit, 
Cristcbalit, Thuy tfnh phiin xu^t, Trepel, Opaka. Ngubi ta thubng gap chung trong cac 
khoarg chat tram tfch va bien chat nhu da dam, soi cuoi, quaezit, da phien, da voi bi 
dolontit hoa, andezit, zeolit. 


Trong thuc te tren the gidi va ca b nude ta, ngubi ta quan sat tha'y dang an mdn nay da 
gay ra su pha hoai dubng, c^u, de dap va cac cong trinh kien true khac. Trong tdit ca cac 
truimg hop, xi mang su dung ddu chua mdt lupng kiem dang ke va cot lieu cua betdng 
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co chira Si0 2 c6 kha nang phan irng. Sir pha hoai bat dau khep lai, sau do xuat hien cac 
vet nut va tan cong pha hoai hoan toan. 

Nghien cuu cac cong trinh da bi pha hoai thay rang, trong tat ca cac trudng hup, xung 
quanh cac hat cot lieu co kha nang phan ting da tao thanh ldp vien 6 dang gel. Be mat 
ben ngoai cua cac hat cot lieu da bi mdm hoa. Steiner, Pauers, Moskvin va Ronak da 
nghien cuu ky va mo ta co che hoa hoat cua no nhu sau: Ngudi ta biet rang, trong moi 
trudng nude, be mat Si0 2 co tmh axit yeu. Dudi tac dung cua kidm, bd mat bi trung hoa 
theo phan irng: 


- Si - O - H + Na + + OH’ = Si-0-Na + + H 2 0 


(3.12) 


Khi ndng do kidm Ion hon, lien ket - Si- O- Si bj cat dirt va dan den sir phan tan Si0 2 . 

6 nong do kidm xac dinh, cac hydrosilicat kiem duoc tao thanh. Trong cac 10 va cac Ibp 
tren bd mat cot lieu co kha nang phan irng xuat hien sir lang dong hydrosilicat ki6m vdi 
mire do khac nhau, sau do tao thanh cac vet nut. Vet nut xuat hien la do ap luc xuat hien 
o viing tiep xuc giua cot lieu da va xi mang. Ap lire nay gay ra phong san pham phan 
irng va hien tuqng tham tha'u xuat hien do ban tham cua da xi mang doi vdi san pham 
phan irng. 

D6 phong ngira dang an mon nay efin gidi han luqng kidm trong betong, dira vao phu 
gia nghien min dd tham gia phan irng vdi ki6m con lai trong giai doan dong ran ban dziu, 
hoac dua vao betong phu gia cuon khi, phu gia ky nude v.v... Hieu qua Ion nhat la loai 
trir Si0 2 co kha nang phan ung ra khoi betong. 


Tom lai, tuoi tho ciia cac cong trinh xay dung bang betong va BTCT bi pha hoai bdi 
moi trudng bidn la do tong hop cua nhieu nguyen nhan. Nguyen nhan nao chidm uu the 
la tuy thuoc vao ban chat va di6u kien tac dung cua moi trudng. 


Dd keo dai tuoi tho va tinh kinh te ciia cong trinh xay dung, nen xac dinh ban chat va 
mire do xam thuc ma tirng phan betong ciia cong trinh phai ti6"p xuc cle chon vat lieu cho 
thich hop, thi du: 


- Phdn betong va BTCT cua cac cong trinh cau, cang, de dap phai lam viec trong didu 
kien nude trieu len xuong, nghia la phan betong bi tac dung ciia moi trudng suriphat 
trong dieu kien nong, lanh, kho, dm thay doi theo chu ky thi sir dung xi mang pooclang 
bdn sunphat theo tieu chuan TCVN 4033 - 1995, hoac ASTM 150, hoac TOCT 22266 - 
76. Xi mang bdn sun phat d nude ta da dirqc san xuat d mot so nha may xi mang theo 
don dat hang. Noi chung, nhung nha may nao co dii dieu kien san xuat duqc xi mang 
pooclang thong thudng thi cung san xuat duqc xi mang pooclang sunphat. 


- Neu cung ket cau do, phan belong lam viec thudng xuyen dudi dat hoac dudi nirdc 
bien - nude xam thuc sunphat, nhung dung xi mang pooclang bdn sunphat co the khong 
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hop ly, vi toe do phat trien cudng do cua xi mang nay tuong doi cham va nhirng vi trf 
nay khong doi hoi nhirng tfnh ch<tt dac biet cua xi mang pooclang bdn sunphat, ma chi’ 
co the: sir dung xi mang pooclang puzolan bdn sunphat hoac xi mang pooclang xi bdn 
sunphat. 

- De tranh sir an mon bdi kidm cua xi mang, nhieu nude quy dinh ham luqng kiem 
trong clinker d cac nha may xi mang phai nho hon hoac bang 0,6%. Ham lirong kidm 
trong clinker d cac nha may xi mang d nude ta ddu vao cd 1%. Vi vay, dd khSc phuc su 
an mon kidm cua xi mang each tot nhait la loai trir SiO-, hoat tfnh ra khoi cot lieu cua 
betong, dac biet la betong lam viec trong moi truemg nude. 

Doi vdi cac cong trinh dac bidt, ngudi ta co the: 

+ Tao thanh Idp mang bao ve tren be mat cot thep. 

+ Thu dong hoa be mat cot thep being each dua vao betong mot so phu gia thudng 
dung la Nitrit hoac la Cromat v.v... 

+ Tang bd day ldp betong bao ve. 

+ Bao ve be mat betong bang ldp mang ky nude (silicon) dd ngan each betong khong 
duqc tiep xuc true tiep vdi moi trudng xam thuc v.v... 

3.4. M0T SO PHUONG PHAp KIEM TRA CHAT LU0NG CONG TRINH BETONG 
HIEN NAY 

3.4,1. So luqc ve cac phuong phap kiem tra chat luotig cong trinh dang duqc sir dung 

Nhirng phuemg phap kidm tra danh gia duqc dung trong 10 nam grin day, theo mire do 
phd bid'n, xep thu tu nhu sau: 

1. Kidm tra thong qua thi nghidm mSu trong qua trinh thi cong va cac mAu luu theo 
he thong. 

2. Kiem tra thong qua ket qua thi nghidm non khoan betong tai cong trinh. 

3. Kiem tra chat luqng cong trinh betong bang cac phuong phap khong pha huy (NDT). 

3.4.1.1. Ve phuong phap danh gia thong qua ket qua thi nghiem mau betong lay 
kiem tra 

Phuong phap kiem tra thong qua thi nghidm mau trong qua trinh thi cong betdng da 
duqc dung tir lau. Tao mau luu kidm tra dai ngay duqc ap dung vdi nhirng cong trinh 
mdi xay dung gSn day. 

Mau dung de thi nghidm theo doi duqc tao ra ngay khi do betong cac kd't cau cua 
cong trinh cd cung cap phoi, cong nghe thi cong va duqc dudng hd ciing mot didu kien 
nhu betong lam viec tren cong trinh phan nao phan anh duqc thuc trang betong cua cong 
trinh. Khi nhin vao ket qua thi nghidm cd the thay hinh anh chat luqng betong d cac vi 
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tri ket cau. Phuomg phap kiem tra nay c6 the dirge ap dung iong rai va it gap phai \ho 
khan phuc tap. Tuy nhien no cung co nhung han che nhu sau: 

* Cac mlu kidm tra qua theo doi d6u thucmg dugc che tao, dudng ho va bao quan tot 
horn betong thuc te tren cong trinh, do do phan anh tinh hinh chira that trung thuc, kfi't 
qua thirbng lorn hem thuc te. 


- Thucmg hay xay ra su that lac, khong chfnh xac trong quan ly mlu luu. 

3.4.1.2. Phuomg phap kiem tra thi nghiem cac loi betong khoan tai cong trinh 


Phucmg phap nay la phucmg phap true tiep va dugc su dung pho bien, nhat la khi can 
danh gia ch^t lugng c6ng trinh x^y dung cu. S6 lieu thi nghiem thucmg dugc xu ly theo 
tieu chuan TCVN 3118-1993, TCVN 3115-1993 va phu hgp vbi cac tieu chuan ACL 
Committee 318, BS 6089. Co the thay phucmg phap kiem tra chat lugng nay cho phep 
xac dinh cau true rdng, do hut nuoc cua ket cau va cuong do khang nen cua betong tai 
thoi diem kiem tra g£n sat thuc te. Tuy vay co han che la khong phai ket cau nao cung 
cho phep chung ta thuc hien khoan non mot each hgp chuan. Do do hay xay ra tinh tr.rng 
s6' lieu khong du bao quat tinh hinh chung. Mat khac hien co kho khan la thiet bi khoan 
6 nuoc ta noi chung kha cu va lac hau. 

3.4.1.3. Kiem tra chat luomg betong ngay tai cong trinh bdng ccic phucmg phap 
khong pha huy (NDT) 


NDT (Non Destructive Testing) la he gom nhieu phuong phap kiem tra khong pha 
huy, bao g6m: 

a) Phucmg phap vat ly: am hgc, sieu am, sieu am cat, laser. 

b) Phuomg phap co hgc khbng pha huy: sung ban betCng ki6u bat nay, do bien dang 
dan h6i v.v. 


c) Phucmg phap hat nhan: phuomg phap mat do voi cac nguon buc xa gamma, chup 
phong xa 

C) nude ta viec kiem tra chat lugng edng trinh xay dung theo NDT (khong pha huy) 
ngay cang dugc chu y, trong nhung nam gan day da trd thanh quen thuoc nhung mdi chi 
phd bien cac phuomg phap sau: 

- Phuomg phap sieu am. 

- Phucmg phap dung sung ban betong ki6u bat nay. 

- Phuomg phap chup anh bang tia phong xa. 

- Phuomg phap am hgc. 

3.4.1.3.1. Kiem tra chat lu'ong cong trinh betong bdng sieu dm 

Da co nhi6u nganh, nhieu co quan su dung ky thuat sieu am nhung nhicki nhat la 
nganh Tliuy Igi, Xay dung va Giao thong. Ky thuat sieu am kiem tra chat lugng betong a 
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nitric ta dupe sir dung vrii quy pham 14 TCV65 - 88 vu cite tieu chuan cua Lien Xo cu 
GOST 17624-87 va GOST 21-217-75. Tfnh chat cua phuong phap sieu am la phuong 
phap do truyen qua, dac trimg tieu bieu do dem dupe la van toe song sieu am truyrin 
trong betong. Vi vay phai co cac mriu chuan de chuyeri doi cac dac trimg tieu bieu vd vat 
ly sang cac dac trimg co hoc nhir curing do nen, mridun dan hoi. Do tin cay cua phiromg 
phap do phu thuoc rat nhidu vao chetao mriu churin va lap quan he churin. Khi kiem tra 
bang sieu am can co it nhat 15 nhrim mriu liru ciia cbng trinh horic cac non betong khoan 
tir corig trinh de lap during quan he chuan gifra curing do betong R va van toe song sieu 
am vv... 


Phircmg trinh during quan he ch a an giua curing do betong va van toe song sieu am di 
trong no co dang nhu sau: 

R = a.e. bv (kG/cnr) (3.13) 

trong do: 

R - curing do khang nen cua betong. 

a,b - he so xac dinh cho tring loai betong. 

v - van toe song sieu am di trong betong km/s. 

Nhu vay chat lirpng betong dirqc the hien qua van trie song sieu am di trong no (v), 
van toe cang cao chat luemg betong cang tot va ngirpc I a i. 

Vi du tir ket qua danh gia chat luirng betong dap trim criug trinh thuy lqi Thach Nham 
- Quang Ngai tai khoang sri 13 da lap duqc during quan he churin giua curing do betong 
R va van toe song sieu am co dang: 

R = 0,5284.e 1-79v (3.14) 


Co the thay ro rang phuong phap kiem tra chat lupng betong bang sieu am co lpi la co 
thd lam di lam lai vrii mat do day ma khong lam ton hai ttnh dong nhat cua ket cau va lai 
cho phep xac dinh gan dung curing do dong nhat cua betong, dong thrii phat hien cac 
khuyet tat nut rri hu hong cua khri'i betong mot khi ta lam tot dirpc qua trinh lap chu^n. 
Tuy ahien neu lap khong nghiem tuc ky luring sc cho chung ta ket qua khong dang tin 
cay. Do tin cay do con phu thuoc vao cac thiet bi do - Thie't bi do can dupe lap rap va 
kiem dinh timg cong doan theo phuong phap thu cong nghiep mrii tranh dupe cac so luy 
rich lip rap thu cong nhu mot so don vi. 

3A. 13.2. Kiem tra chat lifovg betong bang sung bat nay 


Diy la phuong phap co hoc dc xac dinh do cung be mat ciia betong dung sung thu 
kiriu bat nay tup N vrii nang luong va dap tir 0,225-03 kGm. Sung phai kiem tra tren de 
chuan truric khi sir dung, cite quy t^c phai tuan theo tieu chuilin 20 TCN 85-03. Qua 
nhimg kinh nghiem kiem tra bring sung ban betring thay ket qua kiem tra phu thuoc vao 
nhiet; yeu to nhu sau: 
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B6 mat belong kiem tra; 

Do cim cua betong; 

Do moi cua 16 xo trong may; 

Thao tac va trinh do nguoi sir dung sung. 

Muon co ket qua kiem tra tuong doi chrnh xac truac khi kiem tra cong trinh can 
chinh sung theo cac m5u betong va ep tren may ap de lap quan he chuan. 6 ta phuong 
phap nay a nhieu nai da sir dung tho so nen ket qua chua tot. 


3.4.1.3.3. Cat: phuong phap kiem tra khong phd hay klidt 

6 nude ta mot so phuong phap kiem tra nhu phuong phap am hoc (Sonic method) hay 
phuong phap chup phong xa, chup Ronghen moi dupe mot vai noi nhu ViPn Nguyen tu 
quoc gia, Vien Dia chat su dung de do do sau coc nhoi, cac ket c&'u BTCT. Hien nay cac 
phuong phap nay chua dupe quy dinh thanh tieu chuan cua Viet Nam. Van de nay se 
dupe trinh bay ky 6 chuong 7. 


3.4.2. Mot so nhan xet 


Chat lupng betong tot, tu6i tho cong trinh cao la mot yeu cau rat Ion. De’ dat muc dich 
do cong tac kie’m tra chat lupng betPng can dupe quan tarn nhieu hon nua. Cac phuong 
phap kidm tra chat lupng hien nay 6 nude ta chua dupe tien hanh theo mot kie’u tieu 
chuan thong nha't va thudng chua dupe su dung tong hop de dong bo. Thiet bi ki6m tra 
cua ta phan ldn la lac hau. Mot so thiet bi moi nhung chua co quy che ki6m dinh hop 
chuan, co ca nhung thiet bi ki^m tra che tao thu nghiem chua du tin cay cung mang 
dung vi vay lam ket qua kie’m tra nhidu khi chua thuc su dang tin cay. 


Phuong phap kiem tra chat lupng betong thong qua thf nghiem cac mau luu tu khi 
xay dung cong trinh co the: ap dung vdi tat ca moi cong trinh ma khong gap kho khan 
dang ke gi nhung chua dupe quan tarn dung mute de’ xi)y ra su that lac mau hoac sai 16ch 
trong quan ly ho so. 


Phuong phap ki6m tra tren thi nghiem loi khoan lay tai cong trinh cho phep xac djnh 
chat lupng cua betong gan sat thuc trang cong trinh, nhung phai dupe can doi va dam 
bao tmh he thong va khong lam hai den tmh ddng nhat cua ket cau. 


Phuong phap kiem tra chat lupng betong su dung ky thuat khong pha huy (NDT) 
khong the coi la thay the hoan toan nhung phuong phap kiem tra pha huy mSu ma la bo 
sung cho nhau. Phuong phap NDT co uu di6m la co the kie!m tra bat ky diem nao, vung 
nao tren cong trinh, hoac lap di lap lai nhieu lan ma khong anh hudng den thuc trang 
cong trinh, co thP do dupe chieu sau vet nut. 


Do tmh chat khong dong nhat cua betong phan bo theo qua trinh ngSu nhien xay ra 
khi che tao nen m6i phuong phap khao sat kiem tra cac dac trung co ly cua no deu co 
nhutig uu diem va ton tai khac nhau. Vi vay muon nang cao do tin cay cua ket qua khao 
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sat chat luomg cong trinh (nhat la cong trinh cu) dc di den lap phucmg an bao tri sira 
chua, tot nhat phai su dung d6ng thdi ca ky thuat kiem tra pha huy (DT) ket hap vai 
khong pha huy (NDT). 

3.5. PHUONG PHAP KIEM TRA THUftNG XUYEN 


Chucmg 1: "Nhung van d6 chung" da gidi thieu mot each tdng quat noi dung ciia cac 
phirang phap kie’m tra noi chung va phuang phap kiem tra thuang xuyen noi rieng. D6'i 
vdi cau BTCT va betong dir img lire, cong tac kiem tra thuang xuyen vao bat cu khi nao 
co dip. 

3.5.1. Thai han kiem tra 

Ke hoach kiem tra thudng xuyen dupe lap di lap lai lien tiep nhau nhung khong duqc 
de gian each qua xa, noi chung giong nhu doi vai cau thep. Ngoai ra khi co nhung bien 
dong Ion v& moi truang nhu bao, lu, dong dat hoac khi co cac c a hoi tiep can co the 
tranh thu thirc hien cong tac kiem tra thuang xuyen. 

3.5.2. Dan v{ thirc hien 

Dan vi thuc hien cong tac kiem tra thuang xuyen la don vi true tiep quan ly cong 
trinh theo khu vuc lanh tho. Doi vai cac cong tnnh do trung uang quan ly dim vi thuc 
hien la hat quan ly giao thong hoac bp phan chu> en trach cua phong quan ly giao thong 
thuoc So. Can bo chiu trach nhiem ihirc hien cong tac kiem tra thuang xuyen la ki6m tra 
vien cau. 


3.5.3. Nhirng noi dung kiem tra 


Muc tieu cua kiem tra thuang xuyen la phat hien kip thai nhung hu hong, nhirng bo 
phan bat binh thuemg mai xuat hien tren cong trinh, theo doi sir phat trien cua nhirng hu 
hong, danh gia va tim bien phap xu ly thich hap Kiem tra thuang xuyen duac thuc hien 
duai nhung hinh thuc dan gian, chu yeu la quan sat bang mat thuang, co the sir dung 
ong nhom doi vbi cac vi tri a xa, thdi gian kiem tra nhanh chong: doi vai ciu nho dan 
gian chi tir 10 - 20 phut, doi vai cau Ion, phirc tap khoang tir 1 - 2 gia nhung v^n phai 
kiem tra day du va khong duac bo sot mot bo phan nao ciia cong trinh. 


Vai cau betong cot thep va betong du img lire ngoai sir lam viec tot ciia he thong 
thoat nude, van d6 hay gap nhat la xem xet ben duai ciia he mat cSu de" phat hien cac vet 
va cham, cac vet gi, dau canxi, nhii da, cac viing moc, 6, cac vi tri ra mat hay phdng rop 
ciia be mat betong, cac vi tri dau neo, vau chuyen hirdng. Tat ca cac bien dang bA't 
thuang ciia cong trinh phat hien dupe trong kiem tra thuang xuyen la rat quan trong. 
Cling co tarn quan trong nhu vay la viec phat hien va danh dau cac vet nurt d mep dudi 


nhirng nliip ikim, cac vet mil nghieng 45° d khu vuc dau dam va cac loai vet nut khac co 
do m4 long khong hmh thuang. 
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3.5.4. Trang thiet bi kiem tra 

Kiem tra thubng xuyen duqc thirc hien dirbi nhfrng hinh thirc don gian, chu yeu la 
quan sat bang mat thirbng nen trang thiet bi hriu nhir khong can thiet. Ngoai nhfrng thir 
khong the thieu duqc la thuoc va phan khong phai - De ho trp them cho thi giac cung 
nen trang bi ong nhom, kfnh lup, bua. Trong cong tac kiem tra thirbng xuyen co mot van 
db quan trong la phai lam sao tiep can duqc tbi cac bo phan cua cong trinh, it nha't la 
phai co loi di xuong gam cau de xem xet phan ben dubi cua dam va he mat cau, xem xet 
goi tren mb, tren tru... Neu ngay lAn kiem tra dAu tien chira co nhung phirong tien nay thi 
viec duy tu bao dubng dau tien can phai thirc hien day du. 

3.5.5. Chuan danh gia 

Trong cong tac kiem tra thubng xuyen khong dat van da phan loai hir hong theo cac 
tieu chuan danh gia duqc xay dung dua theo ESCAP. Toan bo cac hu hong, sir co bat 
thubng xay ra doi vbi cong trinh cSn phai ghi chep, tom tat nhung dibu ghi nhan diroc, 
ngay, thang vao ho so cong trinh va bao cao len phan khu. Phan khu phai co trach nhiem 
phan tich danh gia nhSm de ra cac bien phap tiep tuc theo doi, sira chira hoac neu 
nghiem trong co the’ co cac bien phap manh me him. 

3.5.6. M^u ho so kiem tra (giong nhu doi vbi cau thep, da neu b muc 2.4.6). 

3.5.7. Dinh hubmg duy tu, sura chura (giong nhu doi vbi cau thep, da neu b muc 2.4.7). 


3.6. PHUONG PHAP KIEM TRA DINH KY 


Kiem tra djnh ky la mot hinh thirc kiem tra loan dien cong trinh; khong nhung chi 
kiem tra doi vbi ban than cong trinh ma con kiem tra doi vbi mbi tnrbng va cac cong 
trinh xung quanh. Muc dich cua kiem tra dinh ky la : 


- Xac nhan nhfrng cong trinh thuoc loai A bang nhfrng chan doan ket can so bo. Kei 
hop vbi nhfrng ket qua theo doi thubng xuyen, qua kiem tra toan dien ket cau cluing tu 
co the danh gia duqc nhfrng hu hong tren ket cau, kiem tra duqc sir suy yeu ve chfrc nang 
lam viec cua ket cau, phan loai chung va dinh hubng duy tu sira chfra. 

- Dieu tra phat hien su thay doi cua nbn mong de xac nhan cong trinh thubc loai A va 
dinh hubng duy tu bao dirbng. 

- Dibu tra phat hien nhfrng thay doi ve mbi tnrbng, sir anh hubng cua cac cong trinh 
lan can den sir hu hong cua ket cau va tren co so do dinh hubng duy tu bao dirbng. 


3.6.1. Thbi han kiem tra 


Kiem tra dinh ky la sir kiem tra tong quat cong trinh, duqc thirc hien 2 nam mol Ian. 
Ke hoach kiem tra dinh ky doi vbi mbi cong trinh phai duqc xay dung trong ke hoacli 
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chung ddi vdi nhieu cong trinh khac, do do trong mot chien dich kiem tra djnh ky hang 
loat cong trinh, phai xcm xet den cac dien kien thuan Ipi hay bat Ipi ddi vdi viec thuc 
hien nlut tranh miia mua bao lu lut. tan dung 1 uan phien cac phirong tien chuyen dung 
trong cong tac kiem tra cau nhat la cac pliuong tien de quan sat ctiu. Neu can thiet, co 
the phan doan kiem tra mot each hop ly mien sao khong co mot bo phan cong trinh nao 
bi bd sot, neu cu lap di lap lai mot trinh tir nhir vay thi se dam bao diroc djnh ky kiem tra 
hai nam mot lan ddi vdi toan cong trinh. 

3.6.2. Do'n vi thuc hien (giong nhuddi vdi cau thep. da neu d muc 2.5.2). 

3.6.3. Nhung nqi dung kiem tra 

Muc tieu quan trong nhat trong cong tac kieini tra djnh ky la danh gia toan dien 
ket can sail mot thdi gian djnh ky sir dung, co the phat sinh nhUng hir hdng gi, sir phat 
trien cua chung ra sao, chung co anh hirdng nhir the nao ddi vdi sir lam viec binh thirdng 
cua ket cau. NhCrng ket qua kieim tra se dira den viec phan loai ket cau va dinh hirdng 
duy tu, sura chua. Kiem tra dinh ky la mot nhiem vu quan trong trong cong tac quan ly 
cong trinh, do do efin phai tuan thu cluit che nhung hirdng din v6 trinh tir thirc hien da 
dirqrc gidi thieu belt dan tir khau cluuln hi, thirc hien, ghi bien ban cho den khau xu" ly 
danh gia ket qua kie'm tra va de ra cac dinh hirdng duy tu, sura chfra. 

Ddi vdi cau BTCT va betong du irng lire, trinh tir kiem tra mot each co he thong cac 
bo phan cua chung co the tien hanh thco thu tir cac hang muc cua m&u ho so kiem tra 
dinh ky diro’c trinh bay liong pliu luc 2. Ddi vdi indi bo pluin cua ket cau noi chung va 
cac ket cau BTCT ndi rieng, tren co' so phtronig phap luan ve nhung bieu hien cua hu 
hdng cluing ta se tien hanh kiem tra lan luot tirng bd phan cua ket cau xem chung co the 
cd tin nhung bieu hien lur hdng nhir vay khdng. Tat nhien co nhieu ket cau khong co du 
nhung hu hdng nhir vay thi cd the bd qua. Cd mol van de dang luu y la de thuan tien cho 
cong tac phan loai ket can thi nhung hu hdng trong ket can khdng nhung diroc mo ta vd 
dinh tmh can cd them cac so lieu dinh lining. Thi du: vet nut tren ket cau betong 
ngoai nhung md ta ve vi tri diem xuai phat, lurdng phat trien, didm ket thiic, can cd 
them cac so do chien dai, do md rdng va cliieti sau neu cd the; sir bao hoc ciia ldp 
oxyt sat bao quanh cot thep o vi tri belong hi vd con can irdc lirqng dien tfch bi tide 
nuing, chien sau... 

Thong so nil irng bieu hien hu hong trong can BTCT va betong dir irng lire, viec phat 
hien, thco doi sir phat trien va danh gia nuic do nguv liiem cua vet nut la kho khan phuc 
lap nhat. Thong thirdng thi cac vet nut co do rdng nho lion 0,3 mm la khdng phat hien 
diroc bang mat thirdng, ngoai ra cac vet nut mini o' phia tren cac dam lien tuc hoac mut 
thirdng o vi tri gdi lira hi lie mat can che khuat cting khdng the phat hien dupe. Trong 
nhung tnrdng hop nay can phai sir dung den sieu am hoac due lie mat cau ra. De thco doi 
su phat trien cua vet mil can phai danh daii cluing bang muc khdng phai, cac dau diroc 
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ve men theo vet nurt tCr gibi han bat dau den gibi han ket thuc cua no, ben canh co ghi do 
mo rong, ngay thang. Mot so vet nut quan trong va dac bibt can dat trang thib't bi cho 
phep theo doi sir met rong cua no. Neu kiem tra l^n sau nen lap mot so do vet nut de tien 
so sanh su phat tribn cua no. 

Hien tuqng nirbc tham qua betong bieu hibn qua sir am ubt, sir mdc, nb hoa, dau vb't 
canxi, nhu da, phbng rop... rdt thubng gap trong c£u BTCT. Sir phat hien ra chung doi 
khi cung kho khan neu cac ky ki6m tra khbng trung vao mot dot mua Ion. Hieu qua cua 
cong tac sua chua nham cham dirt nhirng hien tuong nay cung phai co su theo doi ghi 
chep mbi co the danh gia dupe. Hau qua nghiem trong cua hien tirpng nubc tha'm qua 
betong la gi cot thep. Su phat hien ra cot thep bi gi doi khi cung kho khan vi co the no bi 
che khuat bbi nhung lop xi mang, nen khi tham do co th6 dung bua dia chat de phat hien 
nhung 16 hong ma trong do cot thep bi gi. Cuoi cung trong qua trinh kiem tra dinh ky co 
the’ co mot vai ph^n quan trong cua cbng trinh kho thirc hi6n mot each chi tiet dupe, co 
nhung su hu hong kho giai thich thi trong nhirng trubng hop nay, ngubi quan ly khong 
nen do du de nghi tien hanh kieYn tra chi tiet nhung bo phan c5n thiet cua cong trinh. 

3.6.4. Trang thiet bi kiem tra 


Cong tac ki6m tra dinh ky cung dupe tien hanh chii ybu bang thi sat nhung khac voi 
trubng hop kie’m tra thubng xuyen la nhat thiet phai tiep cSn cong trinh cang gan cang 
to't. Do do trang bi quan trong nhat cho cbng tac kibm tra nay la phuong tien tiep can 
cbng trinh. 

3.6.4.1. Phuong tien tiep can cong trinh (giong nhu doi vbi ebu thep, da neu b 
muc 2.5.4.1). 

3.6.4.2. Cac trang thiet bi khac 

Cac trang thiet bj cho cbng tac kie’m tra dinh ky cung chi la nhung trang bi don gian. 
Db'i vbi c5u BTCT, cSn nhung trang bi chu ybu nhu sau: 

- But ghi va sb tay co bia cung. 

- Ph&n, but viet muc khong phai. 

- Nhiet ke. 

- Thubc day 10m, thubc 2m bang kim loai. 

- 1 dia ban, mot nghien ke, day dpi. 

- 1 may thuy binh. 

- Thiet bi do do chuyen dich, do dan ty le 0,01mm. 

- 1 bua dia chat, bua thubng, dao. 

- Ban chai thep, ban chai tre. 

- Thubc do do gi. 
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- Kinh lup co khac do de do vet not. 

- May anh, den flash. 

- Thach cao, ho dan. 

Va mot so thie't bi an toan, chieu sang... 

3.6.5. Chuan danh gia (xem muc 2.5.5 giong nhir doi vdi ctiu thep). 

3.6.6. Mdu ho so kiem tra 

Trade khi there hien cong tac kiem tra dinh ky doi vdi mdi cong trinh, kiem tra vien 
chinh chiu trach nhiem phai chuan bi trade cac indu ho so cong trinh, do la phid'u nhan 
dang cong trinh (phu luc 1) va min bien ban kidm tra dinh ky (phu luc 2) ddng thdi phai 
nghien cum trade ve ho so cong trinh. Ngoai viec tim hieu ve ly lich cong trinh, kidm tra 
vien chinh phai tim hieu bien ban cua dot kiem tra dinh ky hoac chi tiet g^n nhat, cac 
bao cao cua cac dot ki^m tra thudng xuyen giaa cac lan kieim tra dinh ky d^ chu y ddn. 

- Nhung sir kien noi bat. 

- NhCrng sir sda chda da daoc there hien va ket qua cua chung. 

Viec kidm tra dinh ky daoc there hien tren ca so hoan thien bien ban theo mliu d phu 
luc 2. Se co ich neu ngoai bien ban con co them nhung anh chup, nhung bde ve, so dd 
qua do co thd lap nen nhung bang chdng xac dang. 

Nhang bien ban nay con phai daoc hoan chinh v<5 trang thai mSu mdi cua cong trinh 
daoc xay dong tren co sd so sanh vdi trang thai cii. 

Sail do tuy theo tirng trudng hop cu the se dd xuat vd: 

- Cong viec duy tu nhanh. 

- Duy tu dac bict hoac si’ra chda. 

- Xem xet bo sung. 

- Kiem tra chi tiet dac biet. 

Nhung y kien dd xuat se dupe chuycn len khu quan ly, d dd se co y kien phe duyet 
hoac nhung chi dan can thiet dd co the can thiep a muc do cao hon. Nhung y kien nay se 
dupe bo sung vao bien ban. Toan bo noi dung cua bien ban, nhung tai lieu kem theo 
(anh, so do) ddu duoc dua vao tap ho so con cua tap hd so cong trinh. 

3.6.7. Dinh hadng duy tu - sda chda 

Loai tiCr nhung hir hong nghiem trong doi hoi sir theo doi bo sung hoac kie’m tra chi 
tiet dac biet, trong da sd cac trudng hop hu hong, cac cong tac duy tu, sda chua nhung 
khuyet tat thudng gap tren cong trinh can BTCT va betong du ung lire ddu co the thuc 
hien theo nhung hirdng dan trong phu luc E, tuong tu nhu nhung dinh hudng duy tu - sda 
chda sau khi kiem tra thudng xuyen. 
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3.7. PHUONG PHAP KIEM TRA CHI TIET 


Kidm tra chi tibt khac vdi cac cong tac ki6m tra thuring xuyen va kiem tra dinh ky la 
trong do phai sir dung cac phuong phap kieim tra, chan doan tinh vi, phuc tap, phai sir 
dung cac trang thiet bi hien dai. Co ba hlnh thuc dau la loai kiem tra toan dien nhdm xac 
dinh trang thai mSu ciia cong trinh. Hlnh thric thu ba la loai kieim tra doi vdi mdt so bo 
phan can thiet cua cong trinh, trong trirbmg hop nhung bie’u hien hir hong cua chung chua 
danh gia dupe chinh xac qua cac hlnh thuc kiem tra khac. 

3.7.1. Then han kiem tra (giong nhu doi vdi cau thep, da neu a muc 2.6.1) 


3.7.2. Nhurng noi dung kiem tra 


3.7.2.1. Kiem tra chi tiet dau tien 


Kiem tra chi tiet dau tien la loai kiem tra toan dien, dac biet co hang muc thir tai nen 
no phai dupe thuc hien tat ca cac khuyet tat do hau qua cua sai sot trong thiet ke hoac thi 
cong; can phai chu y tap trung vao nhQng cong trinh co xay ra su co. Doi vdi cong trinh 
mdi xay dung, trude khi ban giao cong trinh ciia ngudi chu cong trinh cho ngudi quan ly 
de dua cong trinh vao su dung, dieu kien tien quyet la phai ki6m tra chi tiet d^u tien va 
thu tai. Ngudi quan ly phai tap hop toan bo cac ho so tai lieu can thiet de xay dung trang 
thai mau dau tien ciia cong trinh dudi dang phan 2 ciia ho so cong trinh. 

Trude khi thuc hien viec ki£m tra chi tiet dau tien phai nghien ciru trude nhung hd so 
tai lieu co lien quan den qua trinh xay dung va hoan thanh cong trinh. 


Thir tai cong trinh nham xac dinh cac thong so' thuc te trang thai ciia cong trinh 
irng suat - bien dang co phu hop vdi nhung so lieu tfnh toan trong thiet ke khong, hoac 
nhung so lieu do co nam trong gidi han cho phep hay khong. Cac thong so vd trang thai 
ung suat bien dang, do vong, do chuye’n dich dudi tac dung cua tai trong rinh va dong se 
dupe do tai nhung vi tri xac dinh trer cong trinh dd sau nay trong cac Ian kiem tra dinh 
ky, cac thong so' tren se lai dupe thi c hien tai chinh nhung vi tri xac dinh do. Thi du 
ngudi ta thudng do ung suat phap ciia betong ciia cac thd bien dam d vi tri giua va 1/4 
dam, irng suat tiep tai goi hoac 1/4 dam, do vong a giua dam hay dau mut cac khung T, 
cao do mat dudng tai cac vi tri mdi noi mat during, cao do be tru, do dich chuyen goi, 
dao dong ciia dam, tru, mb v.v... Thir tai phai dupe thuc hien theo cac quy trinh quy 
pham hien hanh. Tuy nhien, do chinh xac trong cac ket qua ciia chung con phu thuoc 
nhieu vao trang thiet bi dupe sir dung. Trang thiet bi cang hien dai so lupng diem do 
trong mot lan chat tai cang nhieu va do chinh xac ciia chung cang lrin. 

Tom lai muc dich ki^m tra chi tiet dau tien la phai chi’ ra dupe : 


- Toan bp nhung khuyet tat hlnh hoc. 

- Nhung vi tri khong hoan chinh, hu hong do 16i ciia thi cong xay lap. 
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- Nhirng suy yeu cua ket cau dirge hoc 16 trong qua trinh thir tai (nut, vong, rung qua 
inure do, cap kenh goi...). 

- Do thir tai, xac dinh dirge ung suat tai nhung vi tri xac dinh tren ket c<iu, do v5ng, do 
chuydn dich cung nhu cao do iuyet doi cua mot so vi tri c6 dinh tren ket c&'u va dao dong 
cua ket cau. 


- Nhumg n6i dung thuoc vd hop dong bat buoc phai hoan thanh. 

- Nhirng noi dung co the de lai yeu cau hoan thien va vin dura cong trinh vao sir dung. 

Doi voi cac cong trinh cu khong con luru giCr dirge ho so hoac cong trinh tir lau khong 
diroc ki6m tra nen khong co trang thai mau hoac trang thai mau khong con dung nua thi 
tuy van goi la kie’m tra chi tied dau tien nhumg hinh thurc cua ki6m tra nay gdn voi kiem 
tra chi tied dinh ky va khong nhat thiet co thir tai. 

3.7.22 . Kiem tra chi tiet dinh ky 

3.722.1. Noi dung kiem fra 


Thoi han kiem tra chi tiet dinh ky la 10 nam mot ldn nhlm xac dinh xem cau co 
con ton tai trong trang thai mdu da dirge xac dinh tai Idn kiem tra chi tiet dtiu tien 
hoac lan thay d6i trang thai mdu gan nhat hay khong, neu khong thi phai xay dung 
trang thai mSu moi. 


De chua’n bi thuc hien kiem tra chi tiet c6ng trinh, phai nghien curu ky trude tai li6u: 

- Ho so hoan cong cong trinh. 

e kJ 

- Ho so kidm tra chi ti£t. 


- Ho so kiem tra chi tiet gan nhat. 

- Bien ban kidm tra dinh ky. 

- Nhung bao cao co lien quan den cong viec duy tu va sira chira. 

- Nhirng bao cao v6 thay d6i moi trirong kin hau, che do thuy van. 


Tren co so nhirng tai lieu tren co quan thirc hien cong tac kiem tra chi ti£t co th6 di tdi 
nhirng quyet dinh v6 muc do quan trong cua nhung chi tiet ket cti'u phai ki6m tra, nhirng 
hang muc phai do dac, dinh lugng ciing cac trang thiet bi kiem tra phu hop. Ki6m tra chi 
tiet dinh ky la mot hinh thuc kiem tra toan dien trong do co ket hop m6t so' hang muc 
kiem tra do dac bang cac thiet bi hien dai de xac dinh trang thai ting suat, bien dang, do 
chuyen dich, do vong, dao dong, cung nhu mire do suy thoai kha nang lam viec cua vat 
lieu va ket cau. Ki6m tra toan dien co hinh thirc cung giong nhu kie’m tra dinh ky nhung 
phai dirge thuc hien voi muc do than trong, ty mi, chup anh danh gia mire do suy thoai, 
dac biet la phai lugng hoa ciic khuyet tat nhu do rong, do dai, do sau cua cac vet nirt, 
dien tich, do sau cua tioc 16 betong, cua nhirng viing gi cot thep... doi v6i nhung khuyd't 
tat quan trong can dang ky ma so va gSn thiet bi theo doi (nhu ghn thach cao de theo doi 
do mo rong vet nut theo thoi gian). Ngoai cong tac kiem tra chi tiet duoc thuc hien tren 
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cong trinh con phai kiem tra ky vung anh huong lan can cong trinh ve moi trucmg, khf 
hau, che do thuy van. 

Ngoai ra c3n tien hanh nhirng hang muc kiem tra dinh luong ve trang thai cong trinh 
nhir sau: 


Kitm tra dinh lirong ve trang thai cong trinh 


Trang thai 

Nhirng hang muc kie’m tra 

Nurt do 
ung sua't 

Nut do uon 

Nut do cat 

- Thf nghiem v6 vat lieu de’ xac dinh cucmg do cua 
betong va cot thep. 

- Do dac mat cat thuc te' cua ket ca'u 

- Do dac ung sua't cua cot thep va betong 

- Do dao dong 

- Do dac ung sua't cua betdng va cot thep khu vuc cot 
xien va cot dai 

Troc mang cua betong 

- Do dac mat cat thuc te' cua ket cau 

Nurt vi sir suy 
yeu cua betong 
(lao hoa) 

Phan ung cot 
lieu, nut vi su 
trung tfnh, muoi 

- Thf nghiem vat lieu (ung sua't betong, do trung tfnh) 

- Do dac ung sua't va d6 v5ng 

- Do dac mat cat thuc te cua ket ca'u 

Hu hong do hoa hoan 

- Thf nghiem vat lieu (cucmg do betong, do trung binh) 

- Do dac mat cat thuc te 

- Do dac Ung sua't d6 vong 

Gi durt cua c6t thep va cot thep 
Dl/L, ep vua khbng tot 

Dieu tra ben trong ket ca'u betdng (tia X, tia Y) 

Lfng sua't cua dim 

Do dac ung sua't va d6 vong 

Cao do cua cac di£m chuftn cua 
ket ca'u 

Do dao dong 

Chuye’n dich ngang cac diem 
chu^n cua ke't ca'u 

Dc dich chuyen cua mb tru he mat cau, goi. 


3.72.2.2. NhUng phucmg phap kiem tra dinh luong ve trang thai cong trinh 

3.7.2.2.2.I. Nhirng thi nghiem can thie't de kiem tra chat lirong vat lieu cua ket cau 
betong 

a) Thf nghiem xac dinh cucmg do cua betong 

Thf nghiem xac dinh cudng do cua betong ket cau bao g6m phucmg phap thi nghieni 
khong pha huy va phucmg phap khoan la'y mSu. Trong phuong phap thf nghiem cucmg 
do khong pha huy ngubi ta dung bua thf nghiem betong Schimitdt, hoac do dac xung 
sieu am cong vdi tac dong co hoc. Viec dung bua thf nghiem betong Schimidt cung don 
gian tuy nhien khi b6 mat betong trb nen yeu, nhung hat cot lieu bj chon vui tren be mat 
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va betong bi anh hudng cua hoa hoan thi ket qua khong con duqc chinh xac nua. Ky 
thuat xung sieu am khong thich hop doi voi betong tho, betong chat luqng qua kern, mac 
thap vi toe do xung trong sieu am tuong doi thap - ky thuat nay dira tren nguyen tSc 
khong xac dinh true tiep cirong do cua betong ma chuyen ddi toe do gia tri toe do song 
thanh cuong do betong. Mac du cong thuc chuyen doi da duqc nhieu nude va nhidu td 
chtrc dua ra nhung moi quan he giua toe do xung va cuong do bdtong phu thuoc vao rat 
nhieu yen td nhu kich co vat lieu, ham luqng cot thep, ty le nude, xi mang, dibu kien bao 
dubng. Chfnh vi vay ket qua do dac tren ket ca'u thuc khong dam bao duqc do chrnh xac 
tin cay ma thuong chi co gia tri tham khao. 


Chinh xac hon ca la thi nghiem cuong do tren mSu betong duqc khoan lay ra tir true 
tiep tren ket cau thuc. Vi tri lay mau Citn phai xem xet va chon lua a nhung bo ph&n cua 
ket cau noi ung suS't khong Ion. Truoc khi khoan lay mftu betong, vi tri c6't thep c5n phai 
duqc xac dinh thong qua ban ve thiet ke hay hoan cong hoac dung may do cot thep. MSu 
khoan can phai dai dien cho ket cau v6 mat tinh toan ket cau. Trong thi nghiem xac djnh 
cuong do chiu ep cua belong phai lay mAu khoan hinh tru voi dudng kinh 10cm va chibu 
cao 20cm, truong hop chi^u dai khong dam bao hai lan duong kinh thi ket qua thu duqc 
phai didu chinh lai. Voi m6i cau kien it nha't phai co 3 mSu khoan de thi nghiem xac 
dinh cuong do. Trong qua trinh thi nghiem mau, chung ta co the" xac dinh duqc ca 
inodun dan hoi cua betong. Doi voi dam betong du ung luc, m5u khoan phai duqc chon 
lua d nhung vi tri can thiet nen tham khao them y kien chuyen gia v6 vi tri khoan lSiy 
rnAu tren chung loai dam nay. 


b) Thi nghiem su trung tinh ciia betong 


Dudi tac dung xam thuc ciia moi trirdng, cuong do va do bdn cua betong bi giam dan 
di thco thdi gian goi la su suy thoai cua betong. Sir suy thoai cua betong duqc the hien 
boi mire do didn bien ciia do trung tinh trong belong. De’ xac dinh do trung tinh cua 
betong, can ticn hanh: due lop bao ve betong den do sau cua cot thep chu, sau do phun 
dung dich phenol phtalein nong do 1% , neu su trung tinh cua betong con dang tien trien 
tir ngoai vao trong nhung chua tdi do sau cua cdt thep thi mau cua betong khong thay 
doi, nguqc lai neu da bi trung tinh, betong sc co mau do. Neu cdt thep khong the hien 
mau do chiing ta co thd ket luan ring gi tien trien vdi toe do tuong duong nhu de trong 
khong khi binh thuong. Moi lien quan giua do sau trung tinh cua betong va nam sir dung 
troi qua nhu sau: 


t = KS 2 


(3.15) 


trong do: 

t - so nam su dung da troi qua 
S - do sau trung tinh do bang cm 
K - he so tinh theo cong thiic 
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0,3(1,115 + 3W) 

(W-0,25) 2 

6 day W la ty le nuoc tren xi mang. 

Tur d^y chung ta c6 the danh gia tuoi tho cua ket cau betong bang viec ap dung gia tri 
do duoc tfnh theo cong thuc nay. 

c) Thf nghiem phan tfch thanh phdn cua betong 

Trong truong hop thanh phan cua betong tro thanh nguyen nhan gay ra sir suy yeii 
cua betong, khi do can phai tie'n hanh thf nghiem de phan tfch thanh phan cua betong. 

Hang muc thf nghiem nhu sau: 

- Thf nghiem phan tich ve hoa hoc. 

- Thf nghiem phan tich 6 nhiet do cao. 

- Thf nghiem nhilu xa X quang. 

- Thf nghiem thu lirgng khf cacbonic bay hoi. 

Tu ket qua cua nhfrng thf nghiem nay, ngudi ta co the phong doan ve luong xi mang, 
cot lieu va ty le nude xi mang m6t each so bo. 

d) Thf nghiem dung luong clo trong betong 

Ham luong clo chufa trong betong thuc d% qua trinh gi cua cot thep va huy hoai do 
ben cua betong. Vi vay can tien hanh thf nghiem xac djnh ham luong clo trong betong. 

3.7.2.2.2.2. Do dac mat cat thuc te cua ket cau 

Trong trudng hop ban ve thie't ke' khong co, mat cat thuc te dang nghi ngd hoac co 
muc do hu hong thi phai thuc hiOn viec do dac, xac djnh mat cat thuc te cua ket cau, xac 
dinh chieu day ldp betong bao ve, xac dinh vi trf trong ket cau. 

De dilu tra vi trf, so luong, dudng kfnh cot thep co the su dung may do sieu am, may 
do bang tia y hoac cac loai may chuyen dung khac nhung do chfnh xac cung khong bao 
dam vi su sap xdp khong doi xiimg cua cot thep, cac moi noi cot thep, cac cot thep ngang 
cau tao, do do viec kiem tra cot thep bang each due betong toi do sau cua cot thep la c 6 
dien nhung la chfnh xac nhat. Trong truong hop kdt ca'u betong bi troc mang can phai do 
dac xac dinh cu the dien tfch, vi trf, do sau troc mang, khi cot thep bj 16 ra va gi edn phai 
xac dinh mat cat thuc su con lai cua cot thep. 

3.7.2.2.2.3. Do dac ung sua't cua ket ca'u betong va betong du ung lire 

De do dac ung suat cua ket cau, ngudi ta phai xep tai len ket cau hoac cho hoat tai 
chay tren ket cau va dung nhung thie't bj de do bien dang chuyen vj trong ket cau tir do 
xac dinh ra ung sua't cua chiing. 
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Doi vdi ket cau BTCT, nhung la dien trd bien dang c6 thP dupe gAn true tiep vao b£ 
mat cua betong a thb chiu nen va gAn vao c6t thep o mien chiu nen de! khAc phuc tinh 
trang khong chac chan ve modun dan hoi cua betong. 


Doi vdi betong du utig lire cac la dien trd dupe gAn vao betong. 

Thuc te, phuong phap do nhu tren chi dupe do phan irng suat trong ket cau do hoat 
tai. Neu muon do ung suAt cua ket cau do tinh tai va ca hoat tai cAn phai su dung nhi£u 
phuong phap do phuc tap hon thf du nhu do momen khu nen, do cac phan luc goi tua, do 
su co cua cot thep sau khi cAt dirt chung... 


3.7.2.2.2.4. Do dac do vong cua ket cau 

Viec do dac dp vong cua ket cau dudi tac dung cua hoat tai va tinh tai ket hop vdi 
Rich thude thuc te cua ket cau, so sanh ket qua do dupe vdi ket qua dp vdng thu dupe 
bAng tmh toan, ta co the xac dinh dupe kha nAng chiu tai, modun dan hoi va su thay doi 
vd do cung cua ket cA'u. Dd do dp vdng co the dung cac thiet bj dien, co hoac quang hoc. 
Trong thuc te hien nay ngudi ta thuidng xac dinh dp vdng bAng cac may quang hoc, hien 
dai hon ntra la may phat tia laser tren co so do cao dp nhung did’m xac dinh cua ket cA'u. 
Nhung diem nay thudng la mat dudng (vj tri tim va le dudng) tai cac vi tri md'i noi mat 
dudng, dinh tru, mo, day dAm... BAng each do cao dp suy ra dp vdng co the loai tru dupe 
cac sai so do su Iun cua mo tru. 


3.7.2.2.2.5. Chain doan cac dac trung dong hoc cua ket cau 

Vi tAn so dao dong tu nhicn cua ket cau co the thay doi do anh hudng cua su suy y£u, 
su nirt cua ket cau nen viec so sanh tan so dao dong tu nhien khi ket cau con d trang thai 
tot vdi trang thai thuc te do dupe sau nay co the chan doan dupe tinh trang dp bdn cua 
ket cAu. 


Ngudi ta kiem tra dao dong cau bAng nhung dac trung dao dong va tAn so dao dong 
cua cAu dudi tac dung cua dao dong cudng buc do may chan dong thuc hien hoac hoat 
tai. Dp cung EJ cua dAm co the thu dupe bdi tAn so tu nhien va ty le tat dan. Khi dAm 
suy yeu, co vPt nut xuAt hien, dp cung EJ se bien doi va chu ky tu nhien trd nen dai hon, 
tren co so do chung ta co the danh gia cudng dp cua dAm. 


3.7.2.2.2.6. Thf nghiem do dac ham hoat tai dpt ngot 

Tilt nghiem ham dpt ngot hoat tai tren dAm can BTCT hay betong du ung luc nhAm 
muc dfch kiem tra dp dich chuyen cua goi. Qua thf nghiem nay, ngudi ta co the do dac 
nhung dao dong va sir hoat dong cua goi tren tru, mo, do su chuyen dich va luc tac dung 
len goi theo phuong doc cau do viec ham hoat tai dpt ngot gAy ra. 

3.7.2.2.2.7. Kicfm tra chat lupng ben trong cua ket cau betong 

De kiem tra chat lupng ben trong cua ket cau betong, cac thiet bi chup anh bang tia X 
hay tia y co the' sir dung co hieu qua d6 dieu tra cot thep, tinh trang vua trong cac ong, 
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cac hien tugng nurt rd ben trong ket c£u. Tuy nhien kha nang cac thiet bi tren cfing co 
nhidu han che chit yeu vi chung la nhung thiet bi quy hiem dk tidn va doi hoi trinh dc) 
chuyen mon ky thuat rk cao. Co the didu tra ben trong cua ket cau betong blng each sir 
dung den soi trong ket hop vdri he thong truydn anh. De dieu tra tinh trang ben trong cua 
betong trong mo hay tru chi c5n khoan mot 16 dudng kfnh 55mm la co the’ dira dirge h<3 
thong den soi va truyen anh vao duoc. Chidu s&u khao sat trong betong co th6 len toi 6m. 

3.7,2.2.2.8. Nhung thi nghiem ki6m tra c£n thiet khac 

a) KieVn tra neo cot thep dir ung lire 

Khi phan betong bao ve neo cot thep dir ung lire bi nut hay troc mang, nuoc se ro ri tir 
ong phun vtfa va a vung lan can se phat hien sir Sm not, moc, no hoa va ket nhu, tur do 
dSn toi sir gi durt cac soi thep ung sua't triroc. Trong cong tac ki6m tra chi tiet phai bo lop 
betong bao ve d6 kiem tra tinh trang r6ng vua bang phuong phap ep khi. 

b) Ki^m tra dich chuyen go'i dam 

Trong qua trinh ki6m tra chi tiet luon phai thirc hien viec do lugng dich chuyen cua 
goi, phai co ca s6' lieu ve mua dong va miia he, nh&m de xac nhan gia tri cho phep dich 
chuyen cua goi da quy dinh trong thiet ke, d6ng thoi phai ki6m tra cac chi tiet neo go'i, 
cac thid't bi chong dich chuyen, chong nh6 cua goi. 

c) Kie!m tra sir ro ri nude, ngam nuoc 

Sir ro ri cua nuoc co anh huong nguy hiem den cuong do ciia betong, thiic dly nhanh 
sir gi co't thep v.v... vi the viec ki6m tra su ro ri, ngam nude la rat c6n thiet. Khi phat hien 
ra sir ro ri, ngam nude tir nhOng vet nut cua dam betong du irng luc c3n phai tien hanh xir 
ly ngan chan ngay nham tranh dSn den sir hu hong cua cot thep dir ung lire. 

3.72.3. Kiem tra chi tiet dac biet 

Noi dung kiem tra chi tiet dac biet tuang tu nhu kiem tra elsi ti6't dinh ky nhimg chi 
thuc hien vdi tirng phan cong trinh. 

3.7.3. Trang thiet b| kiem tra 

Doi vdi cong tac ki6m tra chi tiet, trang thiet bi d6 kiem tra la rat quan trong. Co the 
sir dung mot so phuong tien da duoc sir dung trong ki6m tra dinh ky, chii yeu la cac 
phuong tien vao xem; de co thd that grin, kidm tra that ky nhimg phuong tien nay phai 
duoc chualn bi chu dao. T6't nhat va hien dai nhat la sir dung cac xe kiem tra cau, xe co 
cau thang nang ha gian giao di dong, gian giao co dinh tarn. Trong nhieu trudng hop can 
phai han che hoac cam han viec di lai lam anh huong toi cong tac va ket qua ki6m tra. 

3. 7.3.1. Kiem tra chi tiet dau tien (giong nhu doi vdi cau thep, xetu muc 2.6.4. 1 ). 


114 



3.73.2. Kiem tra chi tiet dinh ky 

Kiem tra chi tiet dinh ky la mot hinh thirc kiem tra toan dien ket hop vbi cac hang 
rnuc kiem tra dinh luroiig ve trang thai. Kiem tra dinh luromg v6 trang thai can nhung 
trang thiet bi sau: 

- May do unrig suat bien dang. 

- May khoan lay milu betong tai hien trubng. 

- Sung thi nghiem betong Schmidt. 

- May sieu am betong. 

- Phong thi nghiem betong trong do co thiet bi nen m6u betong, do dac thanh phSn 
betong, ham lupng clo, do do pH cua betong. 

- May tham do cot thep. 

- May chup anh tia X, tia Y. 

- May do do vong bang tia laser. 

- May cao dac. 

- May do dao dong, may chan dong ctr&ng buc. 

- Thiet bi truyen hinh khoan 16. 

Cung tuong tir nhu trong kiem tra chi tiet d<lu tien co the’ tham khao phu luc F de ? 
chon trang thiet bi. 

3.733. Kiem tra chi tiet dac biet 

Sir dung cac trang thiet bi nhu trong kiem tra chi tiet dinh ky nhung chi doi vdi mot 
bo phan cong trinh. 

3.7.4. Chuan danh gia 


3.7.4.1. Kiem tra chi tiet dau tien 


Nhu tren da noi, de co du di6u kien ban giao cong trinh, cac tieu chuan danh gia doi 
vbi ket cau chi duoc phep tir loai C den S. Doi vbi thi'r tai cong trinh, cac tieu chuan de 
danh gia trang thai cong trinh xem co phu hop vbi ket qua tinh toan trong thiet ke hay 
cac ket qua do dac co n6m trong gibi han cho phep khong phai tuan theo cac quy trinh 
thir tai cong trinh hien hanh. 

3.7.4.2. Kiem tra chi tiet dinh ky 


3.7.4.2.1. Danh gid khd ndng chin tai cua cong trinh 

Trong mot cong trinh co the bao gbm nhieu bo phan. De danh gia dupe tong the toan 
cong trinh phai xac dinh kha nang chiu tai cua tirng bo phan yeu nhat trong cong trinh se 
quyet dinh tuoi tho va kha nang chiu tai cua toan bo cong trinh. 

Danh gia kha nang chiu tai theo trinh tir sau: 
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a) Sap xep nhung ket qua kiem tra chi tiet theo trinh tu 


- Chat lupng ve cirong do vat lieu. 

- Ket qua do dac mat cat hidn tai cua cac cau kien. 

- Ung suat bibn dang cua nhung cap tai trong khac nhau. 

- Ho so ve phuong phap thi cong (chfft lupng thi cong betong, phuong phap tao dir 
ung lire, qua trinh bao dubng...). 


- Su thay doi cua moi trirdng va anh hubng cua no den ket cau tur thbi gian xay dung 
cho den nay (lun, nghieng, trirot, hu hong do bang tuyet, do hoa hoan va sir suy thoai cua 
vat lieu). 


- So sanh gia tri ung suat va do vong do dupe do tai trong thuc te vbi gia tri tmh toan. 

- Sir chuydn dich do su lun khong ddu cua goi. 

- Chuc nang cua ket cau goi. 

b) Tmh toan kha nang chiu tai cua ket cau BTCT 


Kha nang chiu tai cua dam BTCT dupe tfnh toan tren co so xem xet ve cucmg dp 
betong, cirbng dp cua cot thep va kich thubc cua cau kien (bao gom mat ck ngang thuc 
te cua betong, s6 lupng, vi tri kfch thuoc cua cot thep va didu kidn lien ket giCra cot thep 
va betong). Dd xac dinh kha nang chiu tai cua dam BTCT chung ta tfnh toan nhung van 
dd sau day: 


- Tmh toan kha nang chiu tai theo momen uon: 

Momen gidi han cua mot tiet dien tmh toan dupe xac dinh tu phuong trinh can bang 
cua noi luc tac dung len tiet dien, trong do noi luc cua phan betong chiu tai nen dupe xac 
dinh can cu vao kich thuoc va chat lupng cua betong, con noi luc trong cot thep chiu keo 
dupe xac dinh can cu vao kfch thuoc va chat lupng cua cot thep. 

- Tfnh toan kha nang chiu tai theo luc cat. Luc cat gibi han cua tiet dien tfnh toan 
hoac mot lien ket tfnh toan cung dupe xac dinh dua tren kfch thuoc va chat lupng cua 
cac loai vat lieu betong, cot dai, cot xien co tiet dien. 


- Tfnh toan dp cung cua dam: 

Dp cung cua dam the hien qua dp vong duoi tac dung cua tai trong tieu chuifn hay tai 
trong su dung. Khi tfnh toan dp cung cua dam phai xet tbi modun dan hoi thuc te cua 
betong va thep cung nhu momen quan tfnh cua tiet di6n co xet tbi anh hubng cua cac 
khuyet tat va nut. 


c) Tfnh toan kha nang chiu tai cua ket cau betong du ung luc 

Dam betong du ung luc thoa man cac di6u kien sau day dupe coi la tot va b6n vung: 

Khong co vet nurt do sai sot trong thi cong. 

- Khong bi hu hong do hoa hoan, nubc hay cac yeii to khac. 



- Khong bi thieu hut ve mat ngang. 

- Viec tao irng suat trudc dupe dam bao dung nhu thiet ke. 

Khi dSm betong du ung luc co vet m'rt a gan vi trf co rndinen ud'n Ion nhat, co the 
danh gia rang ung suat trudc trong cot thep du irng luc da bi suy giam. Trong trudng hop 
nay phai xac dinh duoc ung suat thuc te hay con goi la umg suat co hieu t6n tai trong cot 
thep du ung luc. Viec xac dinh nay rat kho khan, da co nhidu phuong phap dupe dd nghi 
nhu phuong phap do "momen khu nen", phuong phap can gd'i tua... nhung khPng phai 
ludn luon co dupe kd't qua chinh xac. 

Luc nay kha nang chiu tai cua d^m betong du ung luc se phu thuoc chu yeu vao du 
ung co hieu dong thdi cd xet den su' giam kfch thude thuc te cua dSm. 

+ Khi du ung luc vSn dam bao theo dung thiet ke, chi co cac mat c^t thuc te bi giam 
yeu thi kha nang chiu tai cua dam se dupe tmh toan theo mat c4t giam nay. 

3.7.4.2.2. Phan loai chat Itfctng cong trinh qua kiem tra chi tiet dinh ky 

3.7.4.2.2.I. Danh gia theo kha nang chiu tai cua ket cau 

+ Danh gia theo trang thai ung suat cua ket cau BTCT: 

- Trudng hop ung suat betong thu dupe bang ttnh toan hay thur nghiem vupt qua 75% 
cudng do tifiu chuan hay irng suat cua cot thep vupt qua gidi han dan hoi - dam BTCT 
nay dupe quy dinh thuoc loai AA. 

- Trudng hpp ung suat cua b<Mdng thu dupe bang tinh loan hay thu nghiem tai trong 
vupt qua irng sua't cho phep nhung cd dudi 75% ciia cudng do ti6u chutin va umg suat cot 
thep tr6n 70% nhung dudi 100% ung suat dan hoi, ddm betdng nay dupe quy dinh thuoc 
loai A,. 

- Trudng hpp ung suat cua betdng thu dupe bang tinh toan hay thur nghiem tai trong 
vupt qua irng suat cho phep cua betdng nhung con dudi 75% umg sua't dan h6i, ddm 
BTCT nay dupe quy dinh thuoc loai A 2 den C (tuy thuoc vao nhirng hu hong va khuyet 
tat khac). 

- Trudng hpp irng suat cua betdng thu dupe bang tinh toan hay thu nghiem tai trong 
dudi dng suat cho phep cua betdng va ung suat cot thep cung dudi irng sua't cho phep 
dam BTCT nay dupe quy dinh thude loai S. 

+ Danh gia theo trang thai ung suat cua ket cau betdng du ung luc: 

Dd danh gia dam betdng du ung luc can phai nghien ciru xem xet mdt each ddng bo 
ve irng suat trudc va dd vong cua dam. 

+ Danh gia vd ung suat. 

+ Danh gia vd du ung luc cd hieu. 
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Hien nay chura c6 mPl phiromg phap c6 hieu qua de xac dinh dir ung lire co hieu trong 
cPt thep du umg luc, do do, noi chung du umg lire co hieu vin dupe xem gio'ng nhu thiet 
ke da quy dinh vbi diiu kien la viec thi cPng betPng dupe thuc hien vbi chat lupng vat 
lieu tP't, dam bao dung quy dinh thi cPng va viec giam sat chat lupng tao du umg luc dat 
dung yeu cau thiet ke. 

Ngoai ra trong trudmg hop b phtin chiu keo xuat hien nhung vet nut khi co hoat tai va 
nhung vet nut nay khep lai khi co tlnh tai thi du umg luc co hieu se dupe danh gia bang 
phuomg phap do “mPmen khb nen”. 

+ Danh gia v6 kha nang chiu tai: 

Kha nang chiu tai cua ket ca'u se dupe danh gia theo ket qua tinh loan dua tren du umg 
luc co hieu qua dung nhu da quy dinh trong thiet ke hoac dupe danh gia bang phuomg 
phap do “momen khu nen”. 


- Truong hop dam khPng co vet nut. Noi chung nguoi ta thiet ke dam betPng du ung 
luc la nham muc dich de khPng co vd't nurt b phan chiu keo khi co momen uon. Tror.g 
trubng hop dam khong co vet nut trong vung chiu keo khi co hoat tai thi dam dupe danh 
gia la an toan trong khai thac va du ung luc dang phat huy co hieu qua. 


- Trubng hop vbt nut xuat hi«5n dubi tac dung cua hoat tai: 

Khi du umg luc bi giam sut co the’ do nhumg nguyen nh&n nhu tao du umg khong du, 
neo cot thep khPng tot, rao, trung hoac durt cot thep... vet nut se xuat hien trong cung 
chiu keo dubi tac dong cua hoat tai, du ung luc co hiPu dupe danh gia bang phuong phap 
“momen khu nen”. Ung suat trubc co hieu duoc danh gia co the: gay ra umg su£t am b 
mep day dim trong khoang tir 0 den 80kG/cm 2 . 


- Trubng hop vet nut xuat hien dubi tac dung cua tinh tai: 

Luc nay chung ta phai xem xet dSm betPng du ung lire nhir mot dam BTCT rliuemg vi 
no da mat du ung luc co hieu. Do dupe coi la mot d£m BTCT nen no co kha nang chiu 
tai trong va tiep tuc khai thac trong mot thbi gian ngSn tuy thupc vao dieu kien moi 
trubng va hieu qua bao ve cot thep du ung lire, dong thbi phai giam tai nhanh chong thuc 
hien cac bien phap tang cubng. 

+ Danh gia ve do vong cua dam betPng du ung lire: 

Dam BTCT nhat la betPng du ung luc thiromg vong rat nho, thirbng nho hon cac gia tri 
tinh toan thiet ke co cac ket cau phu nhu mat dubng, bp hanh, lan can lam can trb do 
vong chung, phan do vong do tinh tai. Dieu quan trong la phai nghien cuu cac so lieu 
diln bien tang d^n cua do vong theo thbi gian. Nhung so lieu do bao hieu nhung suy 
thoai bat thubng cua vat lieu nhu mat du ung luc co hieu. xuat hien vet nut, cp cue bp 
moi noi... Nhung dau hieu tang bat thubng cua dp vong do nh&c nhb chiing ta phai co 
cac quyet dinh kiem tra chi tie! dac biet them. 
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3. /.4.2 2.2. Danh gia theo kha nang sir dung cua ket c&'u 

Trong mol so truring hop hu l ong c6ng trinh gay hai cho kha nang chiu luc cua cOng 
trinh thi it nhung la. co the gay trin hai den cong trinh khac, de doa den an toan tinh 
mang cua con ngurii o khu vuc xung quanh, thi du troc mang betong co thP roi xudrig 
ph.rong lien hay ngurii di lai durii c^u vuot hay song thong thuyen thi ngoai viec danh 
gia ve curing do cua ket cau con phai danh gia vP sir an toan drii vrii cac cong trinh va 
con ngurii xung quanh. Sir danh gia dupe can cur vao quy dinh tring quat sau: 

- Trucmg hop co the g<iy thiet hai ion den cong trinh xung quanh hay co the g&y che't 
ngurii ma chita fieri hanh biPn pnap phong ngua hay sira chua thi ke't Cci'u nay quy dinh 
thupc loai AA. 

- Trucmg hop co the gSy ra thiet hai Ion den ;6ng trinh xung quanh hay co the’ gSy tai 
nan cho con ngurii trong tuong lai, ket cau duqc quy dinh thuoc loai A,, A 2 . 

3.74.2.2.3. Danh gia vP tinh ben 

Co nhieu truring hop dam van dupe danh gia la du ve curing dp ngay ca khi co nhung 
hu hong xuat hien. Thi du d£m dupe thiet ke vrii tai trong cao, ma trong hien tai chua co 
tai trong do vi vfiy mac du dcim co mot so hu hong xuat hien khong phai do hoat tai su 
dung ma do mpt sri nguyen nhan nao do nhu ihien tai... Xet vP curing dp cua d£m trong 
thuc te van du, nhimg xet ve tinh ben lau cua cong trinh \4n c&n phai danh gia ph&n loai 
chal lupttg va lien Itanh sita cliQa. NltOiig lieu chuan danh gia dupe quy dinh t6ng quat 
nhu sau: 

+ Truring hop betong bi trung tinh: 

- Dp trung tinh cua betring dat trii dp s£u dat cot thep no lam gi crit thep va xuat hien 
nhung vet nut ri belong. Dupe danh gia thuoc loai At. 

- Nhung truring hop khac tuy theo mure dp quy dinh thuoc loai B hay C. 

-f Truring hop hu hong do murii: 

- Nuric gi xuat hien ra ngoai o nhung vet nut hay chri rri to ong, betong bi troc mang 
vi gi va sir no truong cua crit thep va cot thep chii bi lp ra. Dupe danh gia thupc loai 
A,, A 2 tuy theo muc dp. 

- Nuric gi xuat hien tren be mat cua betong nhung hoac la nhung vet nut noac la su 
trric mang chua xuat hien, thupc loai B, A 2 . 

- Nhung truong hop khac tuy thupc theo muc dp loai B, C. 

3.7.43. Kiem tra chi tiet dac biet 

Chuan danh gia trong kiem tra chi tiet dac biet cung chinh la chuan doan danh gia da 
dupe sir dung trong kiem tra chi tiet dinh ky nhung doi vrii bp phpn cong trinh. 
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3.7.5. M£u ho so kiem tra 


ThPng thuong, kidm tra chi tiet nham xay dong trang thai mSu mod cua cong trinh, do 
do phai tuyet doi tuan theo nhirng vS'n dd ve x&y dong ho so cong trinh da dope trinh bay 
trong quyen 3 “Ho so c6ng trinh”. 

3.7.5.1. Kiem tra chi tiet dau tien 

Trong kidm tra chi tid't d£u tien, co quan quan ly cong trinh phai hoan thien phfin 2 
“HP so hoan cong va trang thai mSu”. Trong so cac tai lieu yeu cau, quan trong hon ca 
la “Bien ban kiem tra chi tid't dau tidn” va “Bien ban tho tai cua cong trinh”. Ngoai ra, 
cung nho trong cong tac kiPm tra djnh ky, phai hoan thien phie'u nhpn dang cong trinh. 
Bien ban kidm tra chi tiet d£u tien co the dung mtu bien ban kiem tra chi tiet dinh ky 
trinh bay trong phu luc 3. Bien ban thu tai cong trinh so dung theo qny dinh. 

3.7.5.2. Kiem tra chi tiet dinh ky 

Mau bien ban kiem tra chi tiet dinh ky dope trinh bay trong phu luc 3. M5u nay co 
the con choa day du, do do dpi vPi cac loai kiem tra chi tiet khong co trong mau c£n 
phai bo sung vao. Ngoai ra kem voi bien ban kiem tra chi tiet can phai co cac bao cao 
kd't qua thf nghiem dope thpc hien trong cong tac kidm tra chi tiet. 

3.7.5.3. Kiem tra chi tiet dac biet 

MSu bien ban kiem tra chi tiet dinh ky co thd cai bid'n dd sur dung cho ki&n tra chi tid't 
dac biet chi d6i vdi mpt bp phpn edng trinh. 
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Churong 4 

CHAN DOAN MONG MO TRU CAU 


4.1. NGUYEN TAG CHUNG 


De danh gia hien trang mong cua mo tru cac can hien dang khai thac se ap dung ke't 
hop nhieu bien phap va tien hanh theo tiinh tu nhu sau: 


1- Phan tich va xir ly cac tai lieu ho so thiet ke cu (ne'u co) cua cau hoac cua cac cau 
khac d tren cung tuyen co dac dieim tuong tu vi cau tao va thdi gian thi cong, didu kien 
khai thac, lich sir khai thac cau. 


2- Tien hanh thi sat va khao sat phfin 16 ra tren mat dat, tren mat nude de danh gia so 
bo v6 hi6n trang vat lieu, cac khuyet tat, cac bien dang nghieng va Iun di<§n bien qua thdi 
gian. Rieng phan anh hudng cua xoi lu se khong d6 cap den trong nghien cuu nay. 

3- Tien hanh dao ho quan sat tai canh mep day mong d6 thu thap so lieu. 

4- Su dung cac phuong phap dia tu trirdng va cac phuemg phap khac (vi du PIT) de’ 
xac dinh gan dung chieu dai coc trong mong coc. 

5- Can cu kich thude mat bang va chieu cao be mong (da khao sat dupe), du doan vi 
mot so phuemg an so do bo trf coc tren mat bang va ktch thude mat cDt coc (neu khong 
co tai lieu thuc te dang tin cay) Cung co the du doan vi kich thude mong ndng va mong 
gieng chim. 

6- Dua tren ket qua xuyen SPT va CPT, lap hinh tru Id khoan d vi tri canh mep mo tru 
can danh gia. Neu co dibu kien hoac can thiet thi tien hanh khoan lay mau dua ve phong 
thi nghiem de xac dinh cac chi tieu co-ly cua cac Idp dia chat. 


7- D6 ra cac gia thiet khac nhau (tu xau nhat den tot nhat) vi so do bo tri cua mong 
(mong ndng, mong coc, mong gieng chim), bao gdm cac kich thude co ban, do chon sau 
cua mong (chibu dai coc), so 1 trong va each bo tri coc trong be, v.v... D6 ra cac gia thiet 
de xet den cac hu hong, cac khuyet tat cua vat lieu va ke't cau do khao sat phat hien ra. 


8- Tien hanh tmh toan theo cac giai thiet noi tren, bat dau tir tinh hudng khong biet gi 
vi cau tao mong den cac tinh hudng co them cac thong tin gia dinh chfnh xac hem. 
Phuemg phap tinh toan dua theo cac tieu chuan thiet kehien hanh. 


9- Tien hanh do thir tai cdu dirdi tac dung cua cac xe hang ngay thuomg xuyen chay 
qua cau. 
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10- So sanh ket qua thir cdu vdi cac ket qua tmh toan vP bien dang, do lun, tan so (hay 
chu ky dao dpng cua dinh be mong). 

11- Ket luan vP kha nang thong xe theo cac hoat tai da noi tren. 

Noi dung cu the cua mot so bien phap quan trong nhu sau: 

4.1.1. Phan tich va xur ly cac tai lieu ho so thiet ke cu 

Phan tfch va xir ly cac tai lieu ho so thiet ke cu (neu co) cua cau hoac cua cac cau 
khac d tren cimg tuyen co dac diem tuong tu ve cau tao va thcri gian thi cong, dieu kien 
khai thac, lich su khai thac cau. Thuc te da so cac cau x6y dung tu 1 nhung nam 1927- 
1930 dPu dung mong gieng chim hoac mong nong. Cac so lieu nay se dupe tap hup tir 
cac tai lieu cu luu tru tai cac co quan tu van. Doi vdi mbt cfiu cu th6 nao do, nhung thong 
tin cu rat huu ich, dac biet la neu biet vt cac dpt kiem dinh, thu tai, gia co, tang cubng. 
sua chua qua cac nam. Cac sd lieu thu thap dupe se dung de tinh toan lai mong theo cac 
phuong phap thong thuemg co xet den chiet giam do cac khuyet tat va hu hong thuc te. 

4.1.2. Khao sat phan 16 ra tren mat dat, tren mat mroc 

Cong tac thi sat va khao sat phan lp ra tr6n mat da't, tren mat nude se cung ca'p cac 
thong tin de danh gia so bo ve hien trang vat lieu, cac khuyet tat, cac bien dang nghieng 
va lun didn bien qua thcri gian. Rieng phan anh hudng cua xoi lu se khong d6 cap den 
trong nghien ciiu nay. Phuong phap thi sat va khao sat nhu thong thudng, co su dung cac 
thiet bj tir don gian den phuc tap dan tuy theo muc dp khao sat c^n thiPt: 

- Cac thiet bi trSc dac co do chfnh xac cao. 

- Thiet bi do do nghieng lpch cua dinh mong. 

- ThiPt bi do do lun va dac trung dao dpng cua dinh mong. 

- Cac thiet bi do mure do suy thoai cua vat lieu (betong, thep). 

4.1.3. Dao ho quan sat tai mep day mong de thu thap so lieu 

Ngay ca trong truemg hop co ban ve cu, viec dao ho quan sat d goc cua be m^'ng cho 
den cao dp day be mong d6 quan sat thuc te la r^'t cSn thiet. Ho dao nay rang khoang 
1,2-1,5 m, sau den thap hon cao dp day bP mong khoang 0,2m sao cho du de quan sat ^ a 
chup anh, nhan xet dupe ve cao dp day be mong, du doan ve bo trf coc duofi day be hoac 
kich thude mat b^ng cua dinh gieng chim. Truong hop tru co nude ngap khong the dao 
ho quan sat ngay dupe thi danh ap dung cac bien phap gian tiep khac de du doan, nhung 
khi thi cong sira chua can lam vong vay, hut nude va dao ho quan sat lai de co them 
thong tin ve hiPn hang mong. Tir do co thP sira doi va cai tien do an thiet ke tang cudug 
mong. Cung nhd ho dao nay, co thP gSn mot d^u do dia tir trudng vao dinh coc bien de 
do chieu sau cua coc bang phuong phap dja tir trudng, sai so khoang 20%. 
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4.1.4. Du doan ve mot so phuong an so do bo tri coc 


Can cu kfch thude mat bang va chidu cao be mong (da khao sat dupe), co thd du doan 
dupe ve mot so phuong an so d6 bo tri coc tren mat bang va kfch thude mat cat coc (neu 
khong co tai lieu thirc te dang tin cay). 


Neu la mong coc thi khi do diroc bd rong bd mong B (do theo hudng doc cau), bd dai 
be mong L va bd rong coc d thi co the’ve thu mot so so do bo tri coc khac nhau theo quy 
dinh chung nhu: 


- Cu ly tir mep be den mep coc bien ft nhat bang 0,25m. 

- Cu ly tim coc ft nhat bang 3d. 

Neu dao 2 ho dao d 2 goc be theo canh doc cau co the doan dupe su b<5 tri hang coc 
theo mat cat doc cau. 


Neu biet kfch thude mat cat coc co the du doan kha nang chiu luc cua coc theo vat 
lieu (BTCT, thep), kei hop vdi ket qua tfnh cac to hop tai trong tac dung den day be 
mong, co the ude tfnh dupe tong so coc trong be (ude lupng 2 tri sd bi quan nhat va lac 
quan nhat). Tir do suy doan dupe sir bd tri coc theo mat cat iigang cau va ket hop vdi kdt 
qua cua may do dia tir trudng v6 ude doan chi^u dai coc, chung ta se lap xong dupe cac 
so dd ude doan vd bd tri coc trong bd. 

Neu biet chac la mong ndng thi van dd se don gian hon, chi can do B, L, H cua be mong. 


Neu biet la mong gieng chini thi duong nhien da xiic dinh dupe cac kfch thude B, L d 
dinh gieng. Nhirng clc xac dinh chieu sau cua gieng chim thi khong co may do nao ude 


doan dupe. Vi vay phai dung cac phirong phap gia dinh chidu sau can cu vao ket qua 
khao sat dia chat bang plurong phap xuyen va khoan tham do. Co thd doan dupe tang dai 
nao dii khoe de dat day gieng chim. 


4.1.5. Su dung cac ket qua thi nghiem xuyen SPT va CPT 


Diratren kei qua xuyen SPT va CPT tai hien t' lfdng, lap hinh tru Id khoan o vi tri canh 
mep mo tru can danh gia. Neu co didu kien hoac can thiet thi lien hanh khoan la'y mSu 
dua ve phong thf nghiem de’ xac dinh cac chi lieu co-ly cua cac lop dia chai (xem phu 
luc ve ah iron g phap xuyen t’eu chuan SPT va phirong phap xuyen tinh cung cac cong 
thuc suy dicn ket cua). Da co nhidu nghien ciru cong bd tren the gidi vd dung ket qua 
SPT va CPT de tfnh ra sire chiu tai cua ndn tai cac cao dd sau khac nhau, cung nhu tfnh 
ra sue chi a tai cua coc va du doan dupe chidu sau can phai dat dupe cua coc. Tir kei qua 
SPT va CPI' cung co the tfnh do lui cua mong coc hay mong nong trong cac loai dia 
tang kh.ic nhau. 


4.1.6. Tinh toan theo cac so do da gia thiet noi tren 


Tieii hanh tfnh toan theo cac gia thiet noi tren, bat dau tir tinh hud'ng khong biet gi vd 
caii taoinong deii cac tinh huong co them cac thong tin gia dinh chfnh xac hon. Phirong 



phap tinh toan dua theo cac tieu chu^n thiet ke hien hanh (Quy trinh 1979, cac TCN 
khac cua Bo GTVT) va co tham khao them cac tai lieu khac nhung ghi ro xuat xir 
tham khao. 

Neil biet chac la mong nong, co thb can cu vao ket qua to hop tai trong ma tinh thu vb 
cuong do va bien dang dat n£n nhir mbt ngubi thiet ke mong nong tu dau. Trong khuon 
kho d£ tai nghidn curu se lap cac ph^n m6m may tinh chuyen dung de tinh toan nhanh 
chong theo cac so do gia djnh khac nhau va liet ke cac ket qua d6 ky su thuan tien phan 
tfch so sanh. 

Neu biet chac la mong coc, cung co the can cu 1 vao ket qua 1 6 hop tai trong ma tinh 
thCr ve cuong do va bien dang nhu mot ngubi thiet ke mong coc be cao hay be thap. Tuy 
theo hien trang cua lien ket dau coc va day be ma ap dung so d6 dau coc lien ket choi 
hay lien ket ngam vao be. Vi du vbi coc thep da gi nhi6u, nen thien v6 an toan ma gia 
thiet chi cho coc nay chiu luc doc true, khong chiu lire ngang. Khi do se cho so do dau 
coc la lien kei chbt vbi day be. Neu mong con tot th'i gia thiet dau coc ngam vao day be. 
Trong khuon kho de tai nghien cuu cung se lap cac phan mem may tinh chuyen dung de 
tinh loan nhanh chong theo cac so do be coc gia dinh khac nhau va liet ke cac kei qua de 
ky su thuan tien phan tfch so sanh. 

Neu biet chac la mong gieng chim, cung co the can cu vao kei qua to hop tai trong 
ma tinh thu vd cuong do nhu mot ngubi thiet ke mong gieng chim tu dau de ubc doan 
chinh xac hon ve cao do day gieng chim sao cho tuong ung. Sau do se tinh do lun do chi 
chiu hoat tai thirbng xuyen d6’ lay so li6u so sanh vbi kei qua thu tai c3u. 

Nen lap cac phan m£m may tinh chuyen dung de tinh toan nhanh chong theo cac 
so d6 gie'ng chim gia djnh khac nhau va liet ke cac kei qua de ky su thuan tien phan 
tich so sanh. 

Neu b giai doan ban dau khi chua co dieu kien khao sat ky de" biet loai mong ma chi 
biet kich thubc mat bang thi xir ly nhu sau: 

- Gia thiet mong la mong nong dat tren mot ndn quy ubc da dupe gia co bang coc 
hay gieng chim, gia thi£i nay giong nhu trubng hop cua bai toan dung coc cat de gia 
co nen yeu (nhung b day la coc thep hay coc BTCT va vi vay ban chat lam viec co su 
khac nhau). 

- Giai bai toan ung suat n6n ben dubi day mong nong quy ubc (xet rieng trubng hop 
chi chiu tinh tai va rieng trubng hop chi chiu hoat tai thubng xuyen). 

- Kei hop vbi kei qua xuyen b ngay sat bt mong de suy ra ung suat tien co kei trong 
cac diem b 16 xuyen vbi cac do sau khac nhau, tu do suy ra ung sua't hien tai ben dubi be 
mong (vbi gia thiet la mong nong). Kiem toan nen theo ung suat do. 

- Tinh toan do kin dubi hoat tai va dao dong b6 dubi hoat tai thubng xuyen. So sanh 
vbi ket qua thu tai de kei luan vi bien dang cung nhu soat lai cac gia thiet da dimg de 
tinh toan theo cac so do bi quan nha't va lac quan nhat. 
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4.1.7. Thu* tai 


Tien hanh do thu tai cau dudi tac dung cua cac xe hang ngay thudng xuyen chay 

qua cau. 

- Do do lun dinh be mong. 

- Do do nghieng lech cua mong. 

- Do tan so va chu ky dao dong. 

4.2. PHUONG PHAP XU LY KET QUA THI NGHIEM HIEN TRUING DE CO SO 
LIEU BAN DAU VE DIA TANG PHUC VU TINH TOAN CHAN DOAN MONG 
CUA MO TRU CAU 

4.2.1. Khai niem chung 

Cac dieu kien dia chat cong trinh cua khu vuc xay dung quyd't dinh mot phSn ldn 
trong viec lira chon loai mong cung nhir do ben, do on dinh cua n6n va cong trinh. Nhd 
khao sat dia chat cong trinh nia ngudi ta biet duqc cac dieu kien dia chat va cac tinh chS't 
cua dat da. Cac ket qua khao sat se duoc dung d6 thiet ke nen va mong cong trinh. 

Muc dich cua vice khao sat dia chat cong trinh la: 

- Lam sang to hinh dang, the nSrn va tinh 1 idn tuc cua cac lop dS't da. Trong trudng 
hop mong dal lien nen da, phai tiuac xac dinh cac he thong kite nut cua chung. 

- Xac dinh ban chat dat da b cac lcVp khac nhau cung nhu cac tinh chS't co ly cua chung. 

- Dir doan cac hicn tiroiig dia chat co the xay ra khi thi cong cong trinh dong thbi de 
ra nhCrng bien phap khac phuc cac dieu kien dia chat khong thuan lqi. 

- Tim hieu muc mrd'c diroi dat, sir bien dbi ctia muc nude theo mua va trong trirdng 
hop can thiet, xac dinh tinh an mon cua nude doi vdi vat lieu xSy dung. 

Dua vao ket qua khao sat dia chat cong trinh duqc trinh bay dudi dang cac loai bao 
cao va cac ket luan ky thuat ve nhung khoi luqng cong viec da tien hanh, cac ban do dja 
chat cong trinh, cac mat ait dia chat, cac ket qua nghien cuu trong phong va tai hien 
trirdng, cac bang bien ngudi ta se: 

- Lira chon duqc cac loai mong thfch hop cho cac cong trinh. 

- Xac dinh duqc cac chieu sau chon mong, tri so ap lire tieu chuan dat va tinh toan 
nen theo yeu cau cua cac tieu chuan, quy pham xay dung hien hanh. 

- Danh gia kha nang tliay doi do lun ciia cong trinh khi cac di6u kien tu nhien cua 
khu vuc xay dung thay ddi trong qua trinh xay dung va sir dung cong trinh. Thiet ke cac 
bien phap de bao ve cac ket cau ngam khoi bi anh lurbng cua nude ng5m. 
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- Quyet dinh viec ap dung hop ly cac phuong phap cai thien tinh nang xay dung cua 
dat nen nham lam giam do lun cua mong, lam tang do ben, do on dinh cua cong trinh. 

- D6 xuat cac phurong phap hop ly nhat d£ thi cPng n6n mong cung nhu plian doan 
cac trb ngai co thd xay ra khi thi cong dat. 

- Ch£n doan vd kha nang chiu tai cua mong cu. 

Viec khao sat dia chat cong trinh khu vuc xay dung co the tien hanh bang cac cong 
trinh tham do (cac 16 khoan, cac ho dao....) hay bang cac thi nghiem tai hien truong nhu 
xuyen tlnh, xuyen tieu chuin, nen ngang, cat canh... 

Chi6u sau va khoang each giua cac diem khao sat trong khu virc xay dung phu thuoc 
vao nhidu yeu t6: 

- Theo muc do phuc tap v6 di6u kien dia chat cong trinh khu vuc xay dung. Cac yeu 
to quyet dinh muc do phuc tap v6 dieu kien dia chat cong trinh la: 

+ Dia hinh, dia mao. 

+ Cau true dia chat va pham vi chiu nen cua dat khi chiu tac dung cua tai trong 
cong trinh. 

+ Tinh chat co ly cua dat da. 

+ Dia chat, thuy van. 

+ Cac qua trinh va hien tupng dia chat dong lire ba't loi nha't. 

Theo do, nguoi ta chia lam cac cap: don gian, trung binh, phuc tap. Khi dieu kien dja 
chat cbng trinh cang phuc tap thi khoang each giua cac cong trinh tham do thay doi theo 
cap do phuc tap cua dieu kien dia chat cong trinh nhu sau: 

Don gian: 100-50m 

Trung binh: 50 - 30m 

Phuc tap: 30 - 20m 

- Theo muc do nghien cuu cua cac dieu kien dia chat cong trinh khu vuc xay dimg, 
nguoi ta chia ra: 

+ Vung da dupe nghien cuu ky. 

+ Vung da dupe nghien cuu trung binh. 

+ Vung it dupe nghien cuu. 

Voi hai vung sau, chi6u sau khao sat phai Ion hon 10m va vung it dupe nghien cuu, 
mat do cac diem khao sat phai cao hon. 


- Theo ket ca'u mong cong trinh. Chidu sau khao sat phu thuoc vao ket cau cong trinh. 
Khi khong xac dinh dupe chi6u day 16p chiu nen cua da't, co the; lay chiau sau khao sat 
theo bang sau: 
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Mong vudng 

Mong bang 

Tai trong tren mong 

Chieu sau khao sat 

Tai trong tren mong 

Chiiu situ khao 

(Tan) 

(m) 

(Tin) 

sat (m) 

50 

4-6 

10 

4-6 

iOO 

5-7 

20 

6-8 

250 

7-9 

50 

9-12 

500 

9-13 

100 

12-17 

1000 

11-15 

200 

17-20 

1500 

12-18 



5000 

18-25 



15000 

30 




Trong bang tren, chidu sau khao sat tfnh tir cao dd dat mong du kien hoac tir mui 
coc (doi vdi mong coc). Cac trj so Ion cua chidu sau khao sat tuong ung vai khi co 
nirdc ngam. 

Kinh nghiem cho thay doi vdi phan ldn cac cong trinh dan dung va nong nghiep, 
chidu sau khao sat tlurdng khong virpt qua 3 Ian bd long cua mong bang ke tir cao do dat 
mong. Vice bo trf cac diem khao sat trong khu vuc xay dung phai dupe tid'n hanh sao 
cho co the thu nhfm dirpe mot htnh anh dia chat tong quat, vdi cac chi tiet thfch hop va 
cac tfnh chat xay dung cua dat da va va nude dudi dat. Phai quan tarn hon den cac vi trf 
phuc tap v<f: dia chat hoac noi bo trf cac hang muc cong trtnh co tarn quan trong dac biat, 
bang each dat ngay tai do cac diem khao sat vdi chi^u sau Idn hon. O nhung noi co dien 
tfch nhd, mat bang chat hep thl nen co gang bo trf dupe 3 diem khao sat. 

Neii gap da, phai co mot Id khoan sau vao trong da ft nhat la 3m de’ xac dinh xem do 
la di khoi hay da tang, trir khi biet ro tir tai lieu san co. 

4.2.2. Cong tac khoan lay mau va thf nghiem trong phong 

Khoan la bien phap co' ban de tliam do dat da, dung cac thiet bi khoan khac nhau 
khoan sau vao trong long dat, lay miu dat da de’ thf nghiem xac dinh cac tfnh chat co ly 
cua cluing se dupe phan tfch kha clifnh xac dia ting ciia khu vuc xay dung. 

Tuy theo chieu sau khao sat, tfnh chat dat da cua khu vuc xay dung ma ngirdi ta co 
the khoan bang dung cu khoan lay (khi chieu sail Id khoan khong Ion, dat mem) hay 
bang cac may khoan (khi chieu sau khoan Ion va da cling). Cac may khoan co the’ la loai 
tu hanh (dupe dat tren o to hoac xc xfch) nhu cac may UGB-50A, CBU-150-3IB cua 
Lien Xo cu, may B-53 ciia Thuy Dien, may BE - 50 cua Phap... hay la co dinh nhu cac 
may UKB12-25 cua Lien Xd cu, may Long-year 34 ciia Canada, may khoan Koken-100, 
ToneTCD-1 cua Nhat... 
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Tuy theo yeu cau nghien cuu ma ngudi ta co the lay mSu lien tuc tren suo't chi6u sau 
16 khoan hay chi lay tai nhung do sau nhat dinh, vdi nhung khoang each nhat dinh gift'a 
c<ic lan lay mau. Khoang each nay do mure do phde tap cua diPu kien dia chat quyet 
dinh. Thudng thi cd l-2m ngirdi ta se lay mot lan. Khi cac ldp dat da thay doi tinh chat, 
khoang each lay m&u se giam di con khi lop dat da dong nhat, chi6u day Ion thi khoang 
each giua cac lan lay se tang len. Cac miu dat da lay len dupe bao quan cain than theo 
cac quy pham hien hanh, van chuyen v6 phong thi nghiem de xac dinh tmh chat co ly 
cua chung. 


Doi vdi dat, trong phong thi nghiem thudng xac dmh mot so chi tieu sau: Tlianh phtin 
hat, khoi lirqng the’ tich a trang thai tir nhien va trang thai kho, ty trong, do r6ng, dp am, 
gioi han Atterberg (gioi han chay, gidi han deo), chi so deo, do set, dp tham, cuofiig dp 
lire dinh ket, goc ma sat trong, he so nen lun trong trircmg hop nen khong no hong, 
modun bien dang, thi nghiem dthri npn tieu chuan. Viec thi nghiem nen 3 true hien nay 
chua dupe su dung rong rai 6 nuoc ta, mac du mo hinh thi nghiem nay phan anh day du 
nhat trang thai ung suat trong tu nhien va dudi n6n cong trinh. Vdi cac so do thi nghiem 
khac nhau v6 mire dp co ket va thoat nude se cung cap cho cac nha thiet ke cac chi ti6u 
co ly can thiet de’ tinh toan, thiet ke n6n mong cong trinh. 


Doi vdi da, ngudi ta thudng thi nghiem de xac dinh mot so chi tieu nhu khoi lupng 
the tich (trang thai tu nhien va trang thai kho), ty trong, dp r6ng va mure dp hut nude, 
mdc dp phong hoa (qua he so phong hoa), dp b6n nen va cat d hai trang thai kho va bao 
hoa, he so hoa m6m, he so' Poatxong va modun dan hoi, cac chi tieu tinh chat cong nghe 
(he so' ben chac va he so' mai mon...). 


Tuy theo yeu cSu ma cac chi tieu co ly cua cac mau da se dupe xac dinh theo cac 
each khac nhau, theo quy pham khac nhau, nhat la trong cac cong trinh hop tac vdi 
nude ngoai. 

Tir cac ket qua cua vipc khoan lay mSu, cac ket qua thi nghiem xac djnh cac chi tieu 
co ly cua cac m6u dat da se lap dupe hinh tru cac 16 khoan, ve dupe cac mat cat dia chat 
cua khu vuc xay dung theo cac hudng khac nhau. Di6u nay rat can thiet cho viec thiet ke 
n6n mong sau nay. Ket qua khao sat se chinh xac hon khi ta ket hop nhieu phuong phap 
khao sat khac nhau, tren ciing mot khu vuc xay dung nhu viec doi chieu cac ket qua 
khoan vdi cac ket qua thi nghiem xuyen tinh hay xuyen tieu chuan... se lam viec philn 
dinh dia tang khu vuc xay dung dang tin cay hon nhieu. 


4.2.3 Cac thi nghiem hien trudng 


4.2.3.1. Thi nghiem xuyen tinh (Cone Penetration Test - CPT) 

Xuyen tmh tdc la dung lire tinh an mot mui xuyen hinh con co kich thirdc nhat dinh 
vao trong n6n dat vdi mot toe dp khong doi. 
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Time te hien nay dang dung pho bien loai may xuyen tTnh Gouda cua Ha Lan co mot 
so dac diem ky thuat chfnh nlm sau: 

Loai mui hinh con: di dong 

Duong kinh mui con: 35,7 mm 

Goc nhon mui con: 60° 

Tiet dicn mfii con: 10 cm : 

Duong kinh can ngoai: 35,7 mm 

Chieu dai doan ctin xuyen: 1000 mm 
Toe do xuyen: 2 cm /s 

Dungcudoghi: aplucke 

Khanangan: 100 kN 

Ket qua thi nghiSm se thu duqc sue khang a mui xuyen va ma sat don vi 6 doan rnang 
xong gan mui xuyen (thirdng ky hieu la q L va f s ). Ngoai ra ngudi ta cung xac dinh duqc 
chi so ma sat: 

R, = — 100% (4.1) 

q. 

Qua su thay d6i cua cac gia tri q c , 1 S va R, se xac lap duqc mat cat dia chat gan dung 
cua dat, phan dinh chi'nh xac ranh gidi giua cac krp dat trong khu vuc xay dung va thong 
qua cac gia tri tren, se dinh hudng cho viec tinh toan va thiet ke nen mong c6ng trinh. 

Cho den nay chua co mot lieu chuan thong nhat dc sir dung ket qua lam co so cho 
viec tinh toan thiet ke nen mong, nhung theo ticu chuan nganh 20-TCN-174-89 v6 
phiumg phap thi nghiem xuyen tTnh thi co the co mot so quan he sau: 

+ Do chat cua cat duqc xac dinh theo sue khang mui xuyen q c theo bang 4.2 


Bang 4.2: Xac dinh do chat cua cat tuy theo ket qua thi nghiem xuyen 





Chi so ma sat R, cho dat nen vung Ha Noi diroc xac dinh theo bang 4.3 

Bang 4.3 


Loai dat 

Gidi han q c (10 5 Pa) 

R f (%) 

Cat hat tho 

>90 

0,3-0,8 

Cat hat min 

<90 

0,5-1,7 

Cat bui, cat pha 

<30 

1-3 

Set pha 

7-40 

2-4 

Set 

7-30 

4-9 

Bun 


0,2-5 


Goc ma sat trong cua dat cat dirge xac dinh theo gia tri cua sue khang mui xuyen q c 
theo bang 4.4 


Bang 4.4 


q c (10 5 Pa) 

(p (do) d do sau 

2m 

5m va Idn lion 

^ 10 

28 

26 

20 

30 

28 

40 

32 

30 

70 

34 

32 

120 

36 

34 

200 

38 

36 

300 

40 

38 


Cudng do luc dinh ket khong thoat nude C u cua loai dat set (ip = 0) dirge xac dinh 
theo cong thirc danh cho loai mui con co ao bgc: 

C 0 =^!lZ£!L (4.2) 

15 + 18 

trong do: ct () = y.H; vdi H- chieu day lop day xuyen qua. 

Sue chiu tai cho phep cua mong nong (R 0 ) quy ude co chi<Su rong xap xi bang chicu 
sau chon mong doi vdi loai dat set, dugc xac dinh theo bang 4.5. 

Bang 4.5 


q c (i O'* Pa) 

q c (10 s Pa) 

10 

1,2 

20 

2,2 

30 

3,1 

40 

4,0 

50 

4,9 

60 

5,8 
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Vdi cliVt roi, thco quy pham cua Lien Xo cii, sue chiu tai cho phep (R 0 ) dugc xac dinh 
theo bang 4.6: 

Bang 4.6 


Loai dat 

q c (10 5 Pa) 

R c (10 5 Pa) 

Cat tho khong phu thuoc do am 

>150 

6 


50-150 

5 

Cat vira khong phu thuoc do aim 

>150 

5 


50-150 

4 

Cat min dp bao hoa G < 0.8 

>120 

4 


40-120 

3 

G > 0.8 

40-120 

3 


<40 

2 

Cat bui, dp bao hoa G < 0,5 

> 100 

3 


30- 100 

2,5 

G = 0,5 - 0,8 

> 100 

2 


30- 100 

1,5 

G > 0.8 

> 0 

1,5 


20 - 70 

1,0 


Motlun bien dang E () ciia dat nen vimg Ha Noi dirge xac dinh theo q c qua cong thuc: 


E(> = a () .q c 

trong do: He so a () dugc lay theo bang 4.7 

Bang 4.7 

Loai dat 


Set, set pha chat ct'rng 

Set, set pha deo mem, deo chay 

Bun set 


(4.3) 


Bim pha set 
Cat pha 
Cat 


GiOi han q (10^Pa) 


< 15 

> 15 

> 7 
>7 

W < 7% ’ 

q c < 6 
w > l c /c 

10 - 35 
>20 


“o 


5 - 8 
3 - 6 

4.5 - 5 
3-6 
3 - 6 

2- 4 

3- 6 

1.5 - 3 
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Thf nghiem xuyen tlnh co the tidn hanh bang xuyen tay (thao tac dirge thuc hien bang 
tay), hay xuyen may (lire nen dugc thuc hien bang he thong thuy lire) hay may xuyen 
tlnh rung PVS (vira xuyen vira rung co cau tao rung). Nhufng ioai may nay duoc sir dung 
rong rai o nude ta. Gan day, tren the: gidi con sir dung pho bien loai thiet bi xuyen co gan 
them bo phan do ap lire nude Id rong dugc ggi la piezeone. Thiet bi nay dugc may iinh 
hoa va cho ta dong thdi 4 thong so la lire khang mui xuyen q c , ma sat don vi f s , chi’ so 
ma sat R, va ap luc Id rdng u. Ket hgp cac thong so vdi nhau, ta co the xac dinh chinh 
xac dugc dia tang va cac chi’ tieu co hgc cua cac ldp dat da, ngay ca noi dat kep chi day 
khoang 0,3 - 0,6 m. 

4.23.2. Thi nghiem xuyen tieu chuan (Standard Penetration Test- SPT) 


Tlii nghiem dugc tien hanh trong Id khoan. 

Chi so SPT la so lan d$p d^ an mot ong mdu tieu chuan ngap sau vao trong dat mot 
doan bang 30cm bang nang lugng dap cua mot qua ta co trong lugng la 635N, roi tir 
khoang each 75cm. Chi so nay thudng dugc ky hieu la N. 

Khi thi nghiem, qua ta dap vao phan dung cu khoan nho len mat dat va truydn nang 
lugng dap ong xuong mau, nen phai dam bao sao cho nang lugng nay khong bi giam di 
do ma sat giua trong lugng roi va cac bo phan khac. Sau khi thi nghiem, lay phdn da't 
dugc giu lai trong ong ngudi ta co thd xac dinh dugc mot so chi tieu tlnh chat vat ly cua 
no (nhu thi nghiem vdi mdu dat rdi). Tir cac gia tri N thu dugc co the danh gia mot so 
dac trung khac cua dat theo cac cong thuc kinh nghiem. 

Trang thai cita dat dinh dude xac dinh theo bang 4.8. 


Bang 4.8 


N 

Trang thai dat 

<2 

rat mdrn 

2-4 

mdm 

4-8 

deo mem 

8-15 

cleo 

15-30 

deo cung 

>30 

cung 


Do chat tuong doi cua dat cat, theo Terzaghi va Peck cung nhu tieu chuan BS-1377 
cua Anh quan lie vdi gia tri cua N theo bang 4.9. 

Bang 4.9 


N 

Do chat tirong ddi 

< 4 

<0,15 rat rdi rac 

4- 10 

045 -0.35 rdi rac 

10-30 

075-0.65 chat vira 

30 - 50 

0,35 - 0,85 chat 

> 50 

> 0,85 rat chat 
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Goc ma sat trong cua dat cat c(5 the tinh theo gia tri cua N bang rl't nhiPu cong thuc 
khac nhau: 


+ Theo cong thuc cua Peck. 


y = 0,3 N + 27 


+ Theo cong thuc cua Dunham 


/r; 


y = VI2N +20 

+ Theo cong thuc da din trong sach co hoc dat cua H.G.Larew. 

y = n/4 + 28,5 


Khi cat am, goc ma sat trong giam di tur 1-2 c 




(4.4) 


(4-5) 


(4.6) 


Voi cuoi soi hay da vun co cung do chat, goc ma sat trong cong thurc tren giam di 
tur 2-6 %. 


Ngiroi ta cung lap dupe d6 thi biSu thi quan he giua modun biP'n dang E 0 voi chi so N 
cung voi cac ap luc toi han khac nhau. Noi chung modun bien dang ti le thuan voi chi so 
xuyen tieu chuan. Khi ap luc toi han cang tang thi E u cang giam. 

r rhi nghiem SPT thubng it dung cho cac loai dat dinh. Nhung neu dung thi theo 
Terzaghi va Peck, cung co the danh gia sue ch;u tai cua chung theo chi so N 6 bang 4.10. 


Hang 4.10 


N 

Trang thai dat 

Sue chiu tai cho phep(10 <i Pa) 

0 - 2 

Rat m<!m 

0,22 

2-4 

MPm 

0,22 - 0,45 

4 - 8 

Deo mem 

0,45 - 0,90 

8 - 15 

Deo 

0,90- 1,8 

15 - 30 

Deo cling 

1,8 - 3,60 

> 30 

Cling 

>3,6 


Chi so SPT cung co quan he voi sue khang mui xuyen trong thi nghiem xuyen tinh 
theo cac cong thuc kinh nghiem khac nhau cho moi loai dat. 


Meyerhof (1956) da dira ra cong thuc dung cho cat min: 

P c = 0,4 N (4.7) 

trong do: P L diroc tinh bang MPa. 

Theo Meigh va Nixon (1961) thi he so ti le giua q c va N thay doi tir 0,25 voi cat 
bui hat min toi 1,2 hoac Ion hon cho cac loai soi cuoi, co rat nhidu tac gia da dP ra he 
so nay. 
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4.23.3. Thi nghiem cat cdnh (Vane * es, y 

Till nghiem cal canh nham do ngau Inc cue dai can thiet d may de’ c&t loai dat cAn 
nghien ciru, tir do xac dinh dupe cirdng do lire dinh ket khong thoat nude c u ciia loai dat 
dinh thuan tuy (bun, than bun, set mem 1 ^ c cAu tao, may cat canh gom hop do ngAu 
lire, can noi va canh cat. 

Canh cat g6m 4 ban hir.h chu nhat ghen uiong goc vdl nhau. Mot bo cann cat gom 3 
co duong kinh khac nhau (5'). 75, lOOmma chieu cao canh bAng hai Kin dird'ng kinh cua 
no (H/D = 2). Tuy theo time loai dat mil chon loai canh cat cho phu hop. Thu'dng dung 
loai D = 75 mm. Kbi dat rat yen, C,. < 0 , 2 . 10’thi dung loai canh c&t D = 1000mm. 
Khi dat set tirong ddi ciing co C. > iO'Pa thi non dung loai canh cd D = 50 mm. Thiet bi 
cat canh dirpe diro xu >ng -;bi chidu saa thi nghiem trong mbi 16 khoan da co sAn. 


Dae trirng duy nhat ma eA ! canh co the do dope la sue kbang cat - Trong trirdng hop 
goc ma sat trong bAng khong (cp = 0) thi day ciing ciiir.h la cirong do lire dinh ket. Muon 
cho thi nghiem cAt canh khong co su thoat nude thi phai thoa man cac didu kien sau: 

- Ham lirpng hat set trong dat phai > 30%. 

- DAt phai bao hoa niroc hoan loan. 

- Khong co cac lop thiiu kinh cat nAm xen kep vdi lop set de tao co hoi thoat niroc cue bo. 

Khi thi nghiem ngudi ta cung xac dinh dupe sire chong cat cua dat 6 trang thai bi pha 
huy sau khi da quay canh cat 15 vong. 


Do ben cat cua dat duoc xac dinh theo cong thirc: 


M 

tt( D" H/2 + D76 


(4.8) 


trong do: 

x - do bdn (sire chong) cat ciia dat 
M- momen ciia ngAu lire tuong ung 
D,H - dudng kinh vii chidu cao ciia canh cAt 
Thay H = 2D viio cong thirc tren ta dupe: 

M 

t = --- 


(4.9) 


Cac gia tri ciia x tim dupe ciinu chinli la cac cirong do lire dinh ket khong 
cua dat khi cho (p = 0 

D6ng thoi ngirbi ta. cung xac dinti uujc dp nhay ciia dai set. 

Cirong do lire dinh ket cu dat nguyen dang C u 
Cirong dp lire dinh K. . lia dat pha huy C r 


thoat niroc 


( 4 . 10 ) 
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r uy theo ir| so cua S, ma ngudi ta phan loai nhir sau: 

S. < 1: dat khdng nhay 
= 1-2: dat co do nhay thap 
= 2-4: dat co do nhay trung binh 
= 4-8: dat nhay 
> 8: dat circ nhay 

Noi chung thiet bi cat canh hien trubng la loai thiet bi khao sat don nan, nhe nhang, 
dd sir dung. Ket qua thf nghiem thu dupe rat co fch trong viec nghien ciru tfnh on dinh 
cua cong trinh tren ndn dat yen. 

4.23.4. Thi nghiem nen ngang (Pressuremeter Test) 

Tin nghiem nen ngang tire la dung ap lire de lam no theo chieu ngang mot buong nen 
hlnh tru da dupe dat san tai mot chilu sau nhat dinh trong 16 khoan co dudng kfnh tuong 
irng voi buong nen. Do tiep xilc voi dat da ben trong thanh 16 khoan nen kha nang gian 
no theo chidu ngang cua budng nen diroi ap iuc khac nhau phu thuoc vao tfnh chat bien 
dang cua cac loai dat tren thanh 16 khoan. Bang quan he giira ap lire nen va the tieh 
buong nen, ngiroi ta xac dinh dupe cac dac trung bien dang va do bln cua dat. 

Hien nay 6 nirorc ta thuong dung thiet bi nen ngang ctia hang Menard cua Phap. 
Budng nen dupe dua xuong tdi chieu sau dinh thi nghiem trong 16 khoan. Viec gitr thanh 
16 khoan on dinh doi khi phai dung dung dich set hay ong chong. Khi tang tai, buong 
nen no ra ep vao thanh 16 khoan. Dat da 6 day bien dang ding nhieu thi lupng nirdc botn 
them vao budng nen cang Idn. Tai nidi cap ap lire da on dinh, ngudi ta doc sir thay doi 
the’ tfch budng nen sau 30 giay va 60 giay. So cap ap lire thuong trong khoang 6-14 cap. 

Vc dudng cong nen ngang bieu thi su bien thien cua the tfch budng nen theo ap 
lire trie dung [V= f(p)j. Sau khi hicu chinh, se suy ra dupe cac gia tri cua cac dac 
trung nen ngang: 

* Modun nen ngang E dac trung cho giai doan gia dan hoi cua dat thi nghiem. Cdn 
phan biet modun nay voi modun nen mot true, giira chung co quan he thuc nghiem 
rieng. Modun nen ngang cua dat giu vai tro chu yen trong viec tfnh loan do lun cua nen 
mong. Theo Lame, modun nen ngang dupe tfnh theo cong thuc: 

E = 2(l+v)(V 0+ V m )4f. (4.11) 

AV 

trong do: 

v - he so Poisson, lay bang 0,33. 

V 0 - the’ tfch budng nen (phan giua) khi rdng khong 
V m - the tfch trung binh cua chat long dua vao budng nen 
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A p - tri so chenh lech ap luc nen 

A v - tri so chenh lech the’ tich bu6ng nen 

* Ap suat gibi han Pj tuong ung vbi gibi han pha huy hoan toan cua dat khi dat chiu 
ap lire tang dbu tren thanh 16 khoan. 

Theo ly thuyet, ap suat gibi han la hoanh do cua tiem c&n dung cua dudng cong nen 
ngang V = f(p). No duqc xac dinh m6t each quy ubc ting vbi khi th6 tich bubng nen tang 
gap 2 lan so vbi the tich ban dSu. 

Thuc te, ta co the lay gia tri P, tuong ung vbi the’ tich bubng nen bang 700 cm 3 . 

Ap suat chay P f : ap suat nay thubng bang (1/2-2/3) ap suat gibi han. 

Theo Tieu chuan xay dung 20TCN 112-84 thi gia tri cua modun nen ngang va aj-> 
suat gibi han cua mot loai dat duqc neu trong bang 4.11 


Bang 4.11 


Dat da 

E, 10 5 Pa 

P„ 10 5 Pa 

Bun va than bun 

2-15 

0,2-1,5 

Set nhao 

5-30 

0,5-3 

Set deo 

30-50 

3-8 

Set cung 

80-400 

6-20 

Bui 

20-100 

2-15 

Cat pha bun 

5-20 

1-5 

Cat va soi cuoi 

80-400 

12-50 

Cat trtim tich 

75-400 

10-50 

Dat lap mbi 

5-50 

0,5-3 

Dai ap cu 

10-150 

4-10 

Da vbi 

800-2000 

30-100 


Theo M... Busicment va L. Gianesell thi dua vao ap suat gibi han, ngubi ta co the phan 
loai dat da thanh nhieu nhom vbi gia tri khac nhau cua Pj nhu trong bang 4.12 

Bang 4.12 


P„ 10 s Pa 

f---—- 


Loai dat 


Nhom 


Set mem 

Bui va dat phttn m4m 

Cat pha set l5n bui hoac bim chay 


3 









1 

7 

3 

1-1,8 

Cat chat vua 


1,2-3 

Set va bui chat 


1,5-4 

Da macno va macna voi 

2 

1 - 2,5 

Da pha'n phong hoa 


3 

Da voi vo vun 


4,5 

Da macno rat chat 


2,5 

Cat soi chat den rat chat 

3 

4,5 

Da vd vun 



Cung theo Tieu chuain 20TCN-112-84, ngudi ta cung danh gia dac tfnh cua dat dirge 
nghien cuu qua ty so giua modun nen ngang va ap suat gidi han E/P,. 

Cac gia tri cao cua ty so nay (tir 12-30) thuong gap trong loai daft da co ket. 

Cac gia tri thap (tir 5-8) thuong tliay trong dat boi tich (cat da, soi, cat bui bao hoa 
nude...). 

Ngudi ta cung tliay la sire khang mui xuyen q c trong thi nghiem xuyen tlnh cung ty le 
vdi modun nen ngang E va ap suat gidi han P, trong thi nghiem nen ngang. Mo'i tuong quan 
gifra chung dugc xac lap tu ly thuyet va kiem chung qua thuc nghidm theo bang 4.13: 


Bang 4.13 


Loai dat 

j 

1 

i 

_ o 
o 

To 

Set 

2,5 - 4 

Bm 

5-6 

Cat 

7-9 


Thi nghiem nen ngang tien hanh nhanh, phu hop vdi loai dat chat va dat mdm yeu. 
Trong da cung khong phu hop vi kho dat tdi ap suat gidi han. Hien nay cung chua co 
mot co so ly thuyet nao chac chan xac dinh tp va c qua cac thi nghiem nen ngang. Sir 
dung cac ket qua nen ngang co the tfnh toan dugc cho tat ca cac loai mong thong thuong 
(mong don, mong coc, mong be...). 

4.2.3.5. Mot so thi nghiem dia chat thuy van 

Nude dudi dal anil hudng rat lbn den viec thiet ke va thi cong ndn mong. Trong thuc 
te san xuat, ngudi ta thuong xac dinh ap lire nude 16 rong, lie so tham va chat lugng nude 
dudi dat. 

* Ap lire nude Id rdng va inuc nude dudi dat thuong dirge do bang dung cu do ap luc 
nude goi la piezomet. Co loai piezomet kidu nen khf, kieu thuy luc hay dien tir... Cac 
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piezomet dat trong cac 16 khoan quan trac theo nhirng quy dinh rieng. D6 do muc niroc 
trong 16 khoan, ngucri ta dung thiet bi kieu dien (khi cham vao nude, den cua thiet bj se 
sang len, hay co chuong keu ). Dung piezomet co the do duqc nhirng thay doi rat nho 
cua ap luc tdi 0,02 IkPa, turc la tuong duong vdi sir thay d6i muc nuoc chi 2,1mm. 

* He so tham k cua dat da duqc xac dinh bang nhidu bien phap khac nhau tuy theo 
timg dilu kien cu the; cua tang dia tang chua nude. 

Phuorng phap hut nuoc thi nghiem duqc dung trong tSng da bao hoa nude. Co the bo 
trf mot gieng khoan don hay nhieu gieng khoan tac dung tuong hd theo cac huong song 
song va vu6ng goc v6i huong nuoc chay. Qua cac so lieu thi nghiem se xac dinh duqc he 
so tha'm. 

- Phuong phap ep nu6c thi nghiem duqc tien hanh trong tinh toan da khong chufa 
nuoc hoac nuoc du6i dat nam sau, hut nude kho khan. 

Nguoi ta co thd ep nuoc tren toan gieng khoan hay mot phan doan de ep. 

K6't qua thi nghiem se xac dinh duqc he s6' tham k. He so nay ve gia tri thudng khong 
gi6'ng nhu khi hut nude thi nghiem. Phuong phap d6 nude thi nghem duqc tien hanh 
trong cac 16 khoan hay trong gieng dao. Phuong phap nay don gian va kinh te thudng 
duqc ap dung khi khong co nude ngam d day ho dao, tinh tham cua dat da it thay doi 
theo phuong thdng dung, khong co tang xen kep khong tham nude. Can ctr theo luqng 
nude do vao, kich thude ho dao ma ta co the suy ra he so tham cua dat. 

Chat luqng cua nude dudi dat doi vdi cong viec n6n mong duqc quan tarn dudi dang 
xac dinh kha nang an mon cua nude doi vdi cau kien betong va sir dung nude dc tron 
betong. Cac tieu chuam, yeu cSu v6 nude do'i vdi x&y dung da duqc ban hanh trong cac 
tieu chucin rieng. C5n duqc thuc hien de dam bao chat luqng cong trinh. 

Ngoai cac phuong phap chinh da neu d tren, khi khao sat dia chat cong trinh khu vuc 
xay dimg nguoi ta cung can dung m 3 t phuong phap khac nhu phuong phap dja vat ly, 
phuong phap nen, cat trong ho dao, phuong phap dung cac thidt bi do do gian 
(extensomet) khac nhau... d6 thu thap duqc nhirng thong tin chinh xac hon v6 dac trung 
cua dat da, phuc vu cho viec thiet ke, thi cong cac cong trinh. 

4.3. CAC PHUONG PHAP GlAN TIEP KIEM TRA CHAT LI JONG ( OC MONG 

Mong sau la giai phap pho bi£n cho cac cong trinh co tai trong ldn, hien dai. Phan tir 
chiu luc chinh cua mong sau la cac coc. Coe co thi duqc thi cong theo cac phuong phap 
khac nhau (dong, ep tinh, ep rung, ep thuy luc, khoan nhoi...) va bang cac vat lieu khac 
nhau (tre, go thep, betong, BTCT due sdn hoac khoan nhoi tai ch6..). Chat luqng va sue 
chiu tai cua coc phu thuoc rat nhieu vao phuong phap va cong nghe thi cong, dieu kien 
dia chat dat nen va do ben cua vat lieu coc. Khi thiet ke cac thong so nay duqc lay theo 
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i|iiy pham, xong thirc te co the’ sai khac nhieu. De cong trinh lam vide vbi do tin cay cao 
din co kibm tra danh gia lai cac coc da thi cong va kha nang lam viec thirc te dl kip thbi 
dieu chinh va bo sung truac khi thi cong phan ket cau ben tren mong. Viec lam nay la 
can thiet, vi mot sai sot nao do cua coc se dan den ton kern lorn khi khSc phuc, sura 
dura. Mat khac cong tac kiem dinh ket cau mong coc cu cung la mot van de thubng 
xuyen gap phai. 

Viec kiem tra chat lirpng coc mong tir lau da dupe d6 ra va ngay cang dupe hoan 
thien. Nhi6u phirong phap khac nhau da diroc d6 xu^'t: 


- Cac phirong phap kiem tra true tiep: Phuong phap nen tinh ngoai hien trirctng va 
phirong phap lay mlu vat lieu coc vt thi nghiem trong phong... 

- Cac phuong phap gian tiep: Phirong phap kie’m tra do nguyen dang cua coc (PIT), 
phirong phap sieu am song song (Phong xa song song...), phuong phap phan tfch dong 
btia Ion (PDA), phuong phap trot khang co hoc (thirc chat la phirong phap kiem tra do 
nguyen dang ket hop vdi phan tfch dao dong - MINP). 

Kliuyet tat cua coc BTCT, nhat la coc nhoi, thuong gap nhu: 

Vat lieu than epe khong ch^c dac lien tuc, bi r6, tao thanh cac hang r6ng cue bo, co 
khi bi gian doan ngang than hoac belong khong bao boc het cot thep, co that hoac mb 
rung tiet dien ngang, mui coc khong tiep xuc true tiep len Ibp dat chiu luc dirkien.... Cac 
knuvet tat nav lam giam dang ke sue chiu tai cua coc va pha huy cong trinh. Cac loai 
kliuyet tat noi tren chinh la doi tirong de ap dung cac phuong phap gian tiep, se neu ra 
cut day dc pha: hien cluing, (vc mat dinh tfnh hay dinh luong). 


Cac phuong phap ki€m tra gian tiep la can thiet, vi nhieu khi nhi6u noi khong the’ 
dung phuong phap true tiep (vi ly do kinh te, tien do thi cong, dieu kidn hien trubng...). 
Tuy vay cac phuong phap gian tiep tlurbng la khb hoac it dat dupe do tin cay can thiet 
tphu thuoc vao co so ly luan. do tin cay cua thiet hi, trinh do thanh thao cua dpi ngu thuc 
hien...). Neu khong co dieu kien doi chirng va so sanh. Cac phuong phap gian ti6'p ki6m 
tra chat luong coc mong dupe tiinh bay dirbi day: 


4.3.1. Phirong phap sieu am va tan xa gamma (y) 


Phuong phap sieu am hoac tan xa gamma cho phep kiem ira danh gia tmh lien tuc 
cua mong sail (epe nhPi, tirong ngam...). Dd kiem tra theo phirong phap nay, khi thi cong 
coc nhoi, tirong chan... can dat sfin cac bug song sung Khi kiem tra, ta cho chuyen dpng 
tinh tien deu hai dau thu va nhat sieu am hoac phbn.. ,\a de’ ghi nhan tin hieu truyen qua 
vung vat lieu gifra hai vung thu phat nay, ket qua diu nhan dupe giup ta danh gia: 

- Do done deu cua belong; 

- Chat Strong beton.g (ro, rong, khuyet tat ion. vung mat cat noi gifra iiai true ong. 
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So do lam viec cua thiet bi diroc trinh bay d hinh 4.1 



Hinh 4.1: Nguyen ly phuong phap sieu dm 


Uu diem: Nhanh, tien loi, sdm phat hien khuyet tat betong trong giai doan chtra hoan 
thien de’ co each khlc phuc. 

Han che: Djnh ki6m tra coc nao, vung nao phai chuSn bi trirdc khi thi cong (giam tinh 
ngAu nhien trong kieVn tra, gia thanh cao). 

Thiet bi: Nhieu nirdc da san xuat cac may chuyen dung nay: My, Anh, Phap, Thuy 
Dien, Trung Quoc... 

Tieu chuzin ky thuat: Da co trong tieu chuan cua My (ASTM), tieu chuan cua Phap 
(NF). 6 Viet Nam: nhi6u co quan da co thiet bi nay nhir Vien Co hoc, Vien KHCN xSy 
dung, Vien KHKT giao thong van tai... 

4.3.2. Phuomg phap kiem tra do nguyen ven (PIT-Pile Intergrity Test) 

Phuong phap nay con co ten goi la Phuong phap bien dang (ung su&'t) nho, phuong 
phap go bua. Ngudi Phap goi la phuong phap tieng 
doi... Phuong phap nay cho phep kie’m tra tinh lien 
tuc cua vat lieu coc, kiem tra khuyet tat Ion. 

Nguyen ly: Go bua d dau coc. Dau t tu gia toe tren 
dinh coc gay kich dong xung va phan hdi lai (tieng 
dpi) khi kfch dong gap mui coc hoac khuyet tat Ion 
tren dudng di. 

So d6 lam viec cua phuong phap trinh bay tr£n 
hinh 4.2 

Uu didm: Khong can chu^n bi trude nen co tinh 
ngSu nhien, gia thanh re va thuc hien nhanh. 

Han che: Do chinh xac thap, cang xuong sau dp 
chinh xac cang giam (thudng khong qua 30D, 

D- dudng kinh coc). Chua co tieu chuan ky thuat Hinh 4.2: 

(ca ASTM va NF). Nguyen ly phuong phap P17 
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'Fluet bi: Gon nhc, dd sir dung, nhieu nude san xuat dugc thiet bi chuyen dung nhur 
My, Anh, Phap. Trung Qtioc... 

4.3.3. Phurong phap tro khang cur hoc (Mechanical impedance Method) 

Phuong phap nay con cac ten khac la phuong phap phan tfch dao dong hay phuemg 
phap truydn song co hoc. Plurong phap nay sir dung nguyen ly truydn song, nguyen ly 
dao dong cirdng hue cua coc dan hoi. No dupe chia lam 2 phuong phap, tuy theo each 
gay dao dong: 

Phuong phap fra khang rung dong (nguyen ly trinh bay trong hinh 4.3): 



Hinh 4.3: Nguyen ly pin fang phap no khang rung dong 


Phuong phap trd khang xung (nguyen ly trinh bay trong hinh 4.4) 



Hinh 4.4: h ignyen ly phuong phap tro khang xung 

Plurong phap tro khang co hoc cho phep xac dinh dugc do dong ddu, tmh hoan chinh 
cua coc nliOi, tirong ngtim. Xac dinh dugc chidu sau va cac khuyet tat Ion. Dac biet 
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phircmg phap cho phep xac dinh do cixng do dan hdi cua coc ndn (mot tham so dd xac 
dinh kha nang chiu tai cua coc). 

Lfu diem: Kha nang chfnh xac cao va cho nhidu thong tin v£ coc co the kidm tra ngdu 
nhien (khong cSn chuan bi trudc). Thiet bi gon nhe, do tu dong hoa cao, thuc hien nhanh 
b hien triremg. Gia thanh re. 

Thiet bi: Hien mdi co thiet bi cua Phap va My san xuat, phSn m6m xu If cua Phap. 

Tieu chuan kl thuat: Mdi co tieu chu&i cua Phap NF 160-94-4 (thong qua lan d£u 
3/1994). 


C3 Viet Nam: Vien co hoc (TTKHTNCNQG) da nghien cuu phuong phap trd khang 
rung dong tir lau va da ung dung vao thirc te. Hien nay Vien co hoc la don vi duy nhat 
mua bo thiet bi MIMP 15, da dua vao sir dung thuc te d mot so cong trinh giao thong 
(mong tru cau) va cong trinh xay dung (coc nhoi nha cao tang). 

Phtfcnig phap chan dong song song: Phuong kiem tra bang phuong phap chan dong 
song song dung de xac dinh chi6u sau cua coc mong ma d^u coc bi bao phu, khong tiep 
xtic dupe (nhu coc mong cua cong trinh da xay dung, cong trinh cu...). 

Nguyen li cua phuong phap dupe xac dinh tren hinh 4.5. Kfch dong xung len phia 
dau coc (co th6 phan cong trinh tren dau coc) dlu thu tin hieu se di chuyen doc d mdt sd 
ong song song canh coc. Tin hieu kich dong thu dupe khi dau thu d dd sau khac nhau se 
chi ra vi tri cua dau mut cua coc. 



Hinh 4.5: Nguyen ly cua phuong phap chan dong song song. 

l/u diem: Xac djnh dupe do dai mong coc cong trinh cu hoac da xay dung. Do chinh 
xac binh thudng. 
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Thiet bi chuyen dung do nhidu niroc san xuat, co the’ sir dung cac thiet bi Itip ghep 
hien co. Ve tieu chuan ky thuat: clura co tieu chuan chung cho phuong phap nay. Hien 
nay b Viet Nam nhieu co quan co the thuc hien dupe phuong phap nay nhu Vien co hoc 
(TTKHTNCNQG), Vien KHKT giao thong van tai, Vien KHCN xay dung... 

P/ufong phap kich dong ngang: Viec ap dung tai tTnh ngang de kiem tra tTnh tai 
ngang cua coc. cung nhu nen tTnh kiem tra chiu tai dung cua coc co khi do di^u kien thcri 
gian kinh te... khong the thirc hien dupe, hoac chi thuc hien dupe mot hai coc. Tuong tu 
nhu phuong phap trb khang rung dong, phuong phap rung dong ngang da dupe nghien 
cuu va hoan thien. 

So d6 nguyen if dupe the hien b hinh 4.6: tren dinh coc dupe kich dong ngang bbi luc 
didu hoa cb tan so dibu khien dupe. Mot dau thu gia toe se ghi lai tin hieu b vj trf dau 
ong dat san b true va mot dau thu van toe b dinh coc. Phan tich tin hieu dao dbng nay 
theo nguyen IT dao dong ngang cirbng buc se xac dinh dupe kha nang chiu tai ngang cua 
coc, phan luc cua dat !en coc khi chiu tai ngang. 



Hinh 4.6: Nguyen ly phi tang phap kich dong ngang 

4.3.4. Phuong phap phan tich dong coc (PDA-Pile Driving Analyis) 

Day la phuong phap bien dang (trng suat) Ion, nguyen If cua phuong phap dupe trinh 
bay tren hinh 4.7. DTiu do gia toe, dau do ung suat dupe gSn b ddu coc (Ion hon 1,5 
dubng kmh coc). Ghi nlian tin hieu khi dong coc bang bua lbn (biia thi cong hoac bua 
lbn), giai bai toan truyen song va ung suat trong coc so sanh vbi so lieu do se xac dinh 
dupe do chiu tai dong cua coc. Viec giai bai toan nay da dupe thuc hien theo phuong 
trinh chuan (nhu CAPWWAP Case Pile Ware equation Analysis program of continuous 
model). 

Uu diem ciia phuong phap: Ket qua chinh xac, cho dupe kha nang chiu tai cung nhu' 
mot so khuyet tat khac ciia coc. Da co tieu chuan cua nhibu nubc (ASTM, NF...). 
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Han che: Chi ap dung cho coc dong hoac coc nh6i co duong kinh khong Ion, thiet hi 
qua cong kAnh, chuan bj thi nghiem cong phu, phAn dau coc co the: bi pha hoai do bj va 
dap manh (qua bua roi thuong Ion hon 20-25 tan) ket qua tim dupe co the la da tri 
(khong phai la nghiem duy nhat). 




Hinh 4.7: Nguyen ly plufong phap 
phan rich cue PDA 

1 - Bua; 2- Coc; 3- Dau do gia toe; 3A- May 
do gia toe; 4- Dau do ring sud't; 4A - May do 
ring sud't; 5: Thiet hi link todn (May tinh + 
Phan mem): 6: May in ket qua. 


Thiet bi: Co thiet bj do, chirong trinh phAn tfch chuyen dung, bua dong co the dung 
bua thi cong. 

Ket luan: 

Tren day chiing toi neu ra nhung phuong phap gian tiep co ban kiem tra chat lurpng 
coc mong. Do y6u cau thirc te ldn, cac phuong phap ngay mot hoan thicn, hien dai hoa 
cung nhu xuat hien cac phuong phap mdi... nhi6u phuerng phap tuong tu d nuoc nay hay 
nuoc kia goi ten khac nhau. De phuc vu cong tac chAn doan mong coc mo tru cau, 
phuong phap dupe kien nghi su dung de’ chAn doan chidu dai coc trong mong la phuong 
phap tro khang co hoc nhu da trinh b tl y 6 tren. Phong dia ky thuAt thuoc Vien Co hoc co 
du kha nang va thiet bj, kinh nghiem d6 thuc hien cong tac nay. 

4.4. THUAT TOAN CHAN DOAN MONO CAU CO 

4.4.1. Budc 1 

- Thu thap ho so cu (thiet ke, hoan cong, khai thac, sua chfra, kiem djnn, duy tu 
thuong xuyen de’ co nhan xet chung vi kieu mong va cac tham so' hinh hoc, di£u kien dia 
chA't, thuy van, do sAu chon mong, cac van de giup cho tinh toan chAn doan mong. 

- DA ra ke hoach cu the ve khao sat hien trudng: 

+ Ke hoach khao sat dja chat 
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+ Ke hoach thi sat, phat hien khuyet tat va hit hong 
+ Kc hoach do dac thir tai diroi tac dung cua xe thirong xuydn qua c^u 

4.4.2. Buoc 2 

- Khao sat b4ng phirong phap xuyen tieu chuan, xuyen tTnh, cat canh tai hien truong 
hoac cac phirong phap khoan lay inau ngay sat be mong de thu th&p cac tham so phuc vu 
tinh toan dir doan: 

+ Tri so N (phirong phap xuyen tieu chuan - SPT) 

+ Tri so q c (phirong phap xuyen tinh- CPT) 

+ Tri so C (phirong phap cat canh- Vane Test) 

4.4.3. Buoc 3 

- Dao ho quan sat ngay canh goc mep be mong (it nha't 2 ho o 2 goc mong canh nhau, 
rong 1 - 1,2m, s£u den thap hon day be mong it nhat 0,25 m). 

- Do dac cac kfch thuoc hinh hoc cua be mong (B, L, H). 

- Ket luan so bo ve hinh dang va kieu be mong (mong nong, mong coc hay mong 
gieng chim). 

- Ket hop nghicn ciru lich sir xay dung va khai tltac cau de phan doan ro net hon ve 
kich thudc hien trang be mong va kie-u mong. 

4.4.4. Buoc 4 


- Xu ly cac so lieu khao sat dia chat de rut ra cac tham so dung tromg tmh toan: 


+ Hinh tru 16 khoan dia chat 

+ Ten va dac diem cac lop dia chat 

+ Tri so' dung trong cac lop dia chat y, 

+ Tri so' cirong do dat n6n cac kip dia chat R t 

+ Tri so chi6u ddy cac lop dia chat Ip 

+ Tri so lire dfnh cac lop dia chat C ; 

+ Tri so chi so nen kin cac lop dia chat Cc, 
+ Tri so' he so nen lun cac lop dia chat a; 

+ Tri so' goc ma sat trong cac lop dia chat <t>, 

+ Tri so' modun bien dang cac lop dia chat E, 

+ Tri so img suat tien co ket cac lop dia chat pz, 


- Ap dung cac cong thi'rc kinh nghiem trong cac tai lieu tham khao va cac tieu chuan 
quoc te de suy doan cac tham so can thiet cho chan doan. 
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4.4.5. Budc 5 


- Tmh toan theo gia thiet mong nong dudi to hop tai trong dang khai thac thuc tc va 
dudi t6 hop tai trong xe cu the: 

+ Can cu" kich thudc va didu kien dia chat da khao sat dupe. 

+ Can cu cac to hop noi krc tieu chuan (khong xet he so vuot tai va he so xung kich) 
da tmh dupe tren day be mong. 

+ Dung chuong trinh MONGNONG -(Mong nong) da tinh toan dudi to hop tai trong 
tieu chugtn bat lpi nhat: 

- Xac dinh su phan bo ung suat dudi day mong nong, dac biet la da so sanh vdi tri so 
ung suat tien co ka't thu dupe tai vi tri 16 khoan xuyan ngay sat mep be mong. 

- Tinh toan do lun dan hoi dudi riang hoat tai thudng xuyan Ion nhat qua cdu, de so 
sanh vdi ket qua do lun luc thu tai cau dudi hoat tai noi tren. 

- Duyet cudng do, on dinh theo gia thiet mong nong. Xac dinh do an toan thuc ta' (co 
the nho hon 1 hay ldn hon 1). Tu ket qua tinh toan dua ra cac ket luan so bo va do an 
toan mong (gia dinh la mong nong) dudi tai trong khai thac tieu chuan thuc te. 
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Chirong 5 

CAC PHl/ONG PHAP DO DAO D0NG vA PHAN TICH 
KET QUA DO DAO DONG 


5.1. GlOl THIEU 

Trong chircmg nay se ban v6 2 van d£: 

- Danh gia trang thai cau dirdi tac dung cua tai trong dong (rung dong, va cham, dao 
dong...). 

- Sir dung phirong phap chu dong tao cac tac dung dong hoc len cong trinh roi do dac 
cac phan irng cua cong trinh dd tir do nhan xet va dir doan vd chat luong cong trinh (vi 
du thi'rdong doi vdi coc...). 

Trong thict ke cau moi va chan doan can cu d6u phai xet cac tac dung dong lire hoc 
den k£t cau cong trinh do nhieu yen to. Trong thirc te, cac ydu to do se tao nen nhfmg tac 
dong bien doi theo thdi gian len ket can cong trinh dudi nhfmg dang tai trong rung dong 
khac rihau. Vi du nhu: 

+ (’ac hoat tai qua cau: doan tau, xe 6 to, cau true, ngudi di bo... 

+ Cac anh hirong do tac dong va thay doi cua moi trirong thien nhien xung quanh 
nhu: nhiet do, gio bao, dong dfit, song bidn... 

Nhfmg tac dong do cang dang ke doi vdi ket cau cong trinh co tinh nhay cam cao doi 
vdi chan dong. Do la cac ket cau dan nhe, ket cau cau d^y vong, cau day xien...) cac 
cong trinh cao nhu thap tru cau day, tru cau cao... 

5.1.1. Cac dang trong tai rung dong 

Tai trong rung dong tac dung len ket can cong trinh thirdng co cac dang co ban sau: 

1. Tai trong thay doi theo chu ky- loai tai trong tac dung theo nhip dieu bien thien 
theo mot quy luat xac dinh. Mot trong nhfmg dang co ban ciia loai nay la tai trong dibu 
hoa, co bien do va tan so bien doi theo quy luat hinh sin. Trong thirc te cho thAy co 
nhi^u tai trong rung dong, v6 hinh thirc tuy co dang phire tap, nhung d£u co the phSn tich 
thanh tap hop ciia nhieu nguon dao dong dieu hoa, co bien do va tan so khac nhau, tac 
dung dong tho'i len ket cau.Vi du tai trong banh xe dan may xe lira. 

2. Tai trong rung dong khong quy luat - loai tai trong phu thuoc cac dac tnmg cua 
nhfrng qua trinh ngau nhien tac dung vao cong trinh.Vi du tai trong gio bao, dong dat. 


147 



3. Tai trong xung kfch - loai tai trong tac dung trong khoanh kha.: 'dc thoi len vi tri 
tren doi tupng khao sat sau nhtrng thoi gian ngat quang deu hoac khong dPn. Vf du tai 
trong va xo tau thuyPn vao tru cau. 

Tac dung cua nhung tai trong dong do se gay ra hien tupng dao dong trong cac phan 
tu ket cau hay trong cong trinh. 

5.1.2. Sir lam viecciia ket caiu diroi tac dung dong 

Theo cac dac trung dong, hien tuong dao dong cua ket ca'u cong ninh se xuat hien 
theo mot trong cac dang sau: 

5.1.2.1. Dao dong rieng (dao dong tifdo) 

Khi ket cau chju tac dong xung kfch nhu va < ham, no hay chuyen vi cuong hire ban 
d^u; roi sau do hoan toan giai phong khoi nhung iac dong khac ben ngoai thi trong ket 
cau xuat hien hien tuong dao dong rieng. Vi du khi xe tai vao cau r6i ra khoi cau, luc 
tren cau khoog con xe nhung ket cau nhip cau van con dao dong rieng. Dao dong nay co 
tan so xac dina va phu thuoc cac dac trung ciia ket cau cong trinh Chuyen dong cua dao 
dong nay co the ghi iai d6 co dupe bieu d6 dao dong rieng cua ket cau (hinh 5.1a); bieu 
do dao dong nay co dang tat dan. Tren co so cac biPu d6 dao dong, co tine xa< dinh cac 
tham so' thu'c nghiem sau: 

- Cia tri cac bien do t3t dan cua dao dong: A. a,, a 2 ,... a n 

- O n ky dao dong T, la tlioi gian thuc hien mot vong dao dong (s) 

- 'i an so dao dong , la dao dong trong mot don vi tlioi gian, f -- l/T(Hz) 

- Tlioi gian tat dao dong T n 

Nguyen nhan tat dan cua dao dong la do noi ma sat cua vat lieu, ma sat ciia lien ket, 
goi tua hoac cac yen to khac tPn tai trong ket cau. Khi chi co noi ma sat vat lieu thi quail 
he giua cac bien do c anh nliau dupe tinh bang: 

a n = a n _, e ' 1T , (5.1) 

trong do: 

a n va a n _| - bien do canh nhau tren bi6u dp dao dong (hinh 5.1b) 
e - co so' cua logarit tir nhien 
q - he so tat dao dong 
T - chu ky dao dong 

Tir do co thP xac dinh dupe do suy giam logarit 8 - qT va he so tat dao dong do noi 
ma sat cua vat lieu theo cac cong thuc sau: 

Xuat phat tu biPu thuc (5.1) ta co: 

* Do suy giam IPga: r)T = In a lvl -lna n (5.2) 
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* He so tat dao dong: r\ = — (In a n . ( - In a n ) (5-3) 



Hinh 5.1: Dao dong trf do 

a) Bieu d6 dao dong tu do tat dan; b) Dae tri/ng tinh toan he so tat dan 

He so tat dao ddng r| se thay doi vdi cac khoang bien dd khac nhau; vi th£ trong thuc 
te se s(r dung hd sd r\ th trung binh, duoc xac dinh tir mdt s 6 cac song hai. Chang han, vdd 
m song hai, ta co: 

-UnVi'lna,,™,) 

mi 

trong do: a n va a n+m bien do dau tidn va cud'i cung cua ph^n mTtrong edng thuc. 

Khi trong cong trinh chi tdn tai luc dinh tai cac lidn kdt va goi tua thi sir phu 
Ihudc giua cac bien do canh nhau, theo sir phan bd tuyen tinh dupe thd hidn nhu 
sau: (hinh 5.1b): 

a T , = a n . 1 -2A (5.5) 

Tirdo, he sd' tat do lire dinh trong lien ket va goi tua bang: 

A = j( a n-I ~ a n) < 5 - 6 ) 

Khi tang cudng ket cau, ndu trude do xac dinh dupe cac he so' tat r| va A, thi sau luc 
tang cudng nhung dai lupng nay se ldn hem va khi chung cang ldn thi dao dong rieng 
cua cong trinh tat cang nhanh, vi cong trinh dupe tang cudng edng horn trude. 

5.1.2.2. Dao dong cudng btic 

Dao dong cudng buc la dao dong dudi tac dung thudng xuyen cua mot hoac nhidu 
yeu to dong luc. Tuy thuoc vao trang thai cua ket cau va tinh chat cua cac yeu to dong 
luc tac dung, co thd xuat hien mot trong nhung trudng hpp dao ddng sau: 
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- Dao dong theo chu ky - la dao dong dupe lap lai qua mot tho'i gian xac dinh. Tham 
so co ban cua dao dong theo chu ky la chu ky dao dong f va tan so vong to la so vong 
dao dong trong khoang then gian 2ns. 

- Dao dong diPu hoa (hinh 5.2a) - la dao dong theo chu ky thirong gap nhat trong thirc 
te san xuat. Khi dao dong di6u hoa, chuy6n vi z phu thuoc thbi gian t, dupe xac dinh 
bang bieu thuc: 

z = asin (cot + a) (5.7) 

trong do: 

a - bien dp dao dong 

cot + a - pha dao dong, dupe xac dinh theo vi trf cua diem dao dong tai thai diem t 
a - pha ban dSu (khi t = 0) 

a) b) 




Khi dao dong dieu hoa, toe do va gia toe cua diem dao dong cung bien thien didu 
hoa. Moi qua trinh dao dong theo chu ky (hinh 5.2b) ddu co the la to hop cua cac dao 
dong dieu hoa co tan so va bien do dupe chon tirofng ung. 

- Dao dong khong theo chu ky - cac dao dong khong theo chu ky thudng gap trong 
thuc te la: 

+ Dao dong t&t drin (hinh 5.1) 

+ Dao dong phat trien, thudng xay ra trong thdi gian khdi dong may hay khdi dau cua 
mot qua trinh dpng (hinh 5.2c) 

+ Dao dong co cac dac tnmg dong thay doi khong theo quy luat nhat dinh (hinh 5.2d) 

Trong thuc te, dao dong cudng bii'c thudng co tan so bien thidn theo thoi gian, cho 
nen khi tan so cudng bii'c tien gan den tan so dao dong rieng ciia ket cau thi bien do 
cudng bi'rc phat trien ldn dan va se xuat hien hien tirpng cong hirbng khi hai tan so dao 
dong do biing nhau. Tai thoi diem nay bien dp cudng buc dat den gia tri cue dai va co 
the d3n den pha hoai cau. 

Khi cung tac dung hai nguon dao dong theo chu ky ten ket cau co cac chu ky dao 
dong T, va T 2 gan bfuig nhau thi dao dong cua ket cau nhan dupe se co bi6n dp tang dan 
tir nho den ldn, ioi lai giam dan xuong nho; qua trinh nay se xay ra lien tuc trong suot 
thoi gian ton tai cac lire cudng bi'rc tren cau. Hien tupng dao dong nay goi la hien tupng 
dao dong "bien" (hinh 5.2e). Khoang thdi gian dao dong giua 2 thoi diem co gia tri bien 
do cue dai hoac cue ti6u goi la chu ky "bien" va dupe xac dinh theo bidu thuc: 


T = 



(5.8) 


5.2. NH1EM VU CUA THI NCHIEM TAI TRONG DONG 

5-2.1. Cac nhiem v u co ban 

Cong tac thir tai dong tren cac ket cau noi chung dPu nhiim cac muc dfch: 

1. Xac dinh trang thai ung suat - bien dang trong doi tupng chiu tai trong tac dung 
tlnh va dong. 

2. Xac dinh tan so dao dong rieng cua cong trinh hay cac phan tur ket cau de chon 
cong suat va tinh nang cua trang thiet bi may moc dat tren cong trinh, tranh xay ra hien 
tuong cong hudng. 

3. Xac dinh thdi gian tat dan ciia dao dong rieng cua ket cau va tinh toan he so tat 
dao dong. 

4. Xac dinh he so dong (he so xung kich) khi hoat tai chay tr6n cau de phuc vu cho 
kidm toan cong trinh. 
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5. Xac dinh bien do va t£n so dao dbng cua kd't cau cau nMm tranh nhimg dao dong 
g&y tac hai dd'n tarn ly cua khach di bb hay ngbi trdn xe qua cau. 

6. Xac dinh bien do va tan so dao dong cho phep de khac phuc sir anh hirong cong 
nghd thi cong ket ca'u: vi du khi lap h&ng kd't ca'u c£u thep. 

7. Nghien curu su lam viec thuc te cua ket cau chiu tac dung cua tai trong dong vdri 
muc dich nghien ciru khoa hoc va cai tien cac tidu chu&i thiet ke clu. 

Trong thuc te thi nghiem dong, khong the cung mot Iuc thuc hien tat ca cac nhiem vu 
trdn day. Can cir vao muc dich nghidn cbu, cac dac trung va trang thai cua doi tuong 
khao sat cu thd de xac dinh nhiem vu co ban c£tn tien hanh. 


5.2.2. Thi nghiem cac bo phan ket cau trubc Iuc dua vao khai thac su dung 

Cac doi tuong can phai tien hanh thu nghiem dubi tac dung cua tai trong dong trubc 
luc dua vao khai thac sir dung thubng la nhung ket cau lam vide dubi chd' db tai trong 
rung ddng thubng xuyen nhu: dam c3u, can ctki phuc vu lap ghep ket ca'u cau, cac ket 
cau trong cong trinh cong cong va cong nghiep, ... viec tien hanh thi nghiem dong se 
nham muc dich kidm tra trang thai lam viec trong nhung dieu kien gidng hoac gan gib'ng 
thuc te. Khi do, phai xac dinh cac tham so dong nhu tan so dao ddng ridng cua cac bo 
phan cua cong trinh dd’ nhan xet vd do cung cua chung; phai khao sat hinh dang dao 
dong cua cong trinh de co thd giai thich su khac nhau giua so db tinh toan ly thuyet vdi 
ket qua nghidn cuu thuc nghiem v.v... 

5.2.3. Thi nghiem cac cong trinh va nhumg bo phan dang khai thac su dung 

Khi nghidn cuu cac ket qua nhan dupe qua thu nghiem cac cong trinh va ket ca'u dang 
b trong tinh trang khai thac chiu tac dung tai trong lap, co the phan doan ve qua trinh 
thay doi trang thai cua chung theo thbi gian. Vdi muc dich nay, cac thi nghiem dong co 
the dupe thuc hidn: 

- Theo yeu cau dinh trubc cua tidu chuzfn khai thac cong trinh. 

- Sau khi sura chua va tang cubng cac bo phan cua cong trinh; chang han doi vbi cac 
cau bi hu hong nang do han gl hay hoa hoan... 

Thu tai trong dong doi vbi cac cau dang khai thac con co nhung nhiem vu khac nhu 
khi can phai cho cac hoat tai dac biet qua cau. Phai do va kidm tra tan so dao dong rieng 
cua ket cau dd so sanh hoac chon cac tan so cubng buc do hoat tai mbi dat gay nen. 
Truong hop khi tan so ridng cua ket cau triing vbi t£n so dao ddng cubng buc cua hoat 
tai thi can thiet ke cac phuong phap giam chan cho ket cau cau trong qua trinh lam viec. 

5.2.4. Thi nghiem cac ket cau cau dupe che tao hang loat 

Tien hanh thi nghiem dong doi vbi nhung ket cS'u nay la de kiem tra danh gia chat 
lupng san ph^m trubc khi xuat xubng. Tan so va cubng do tat dan cua dao dong ridng 
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ket cau la nhung tham so khao sat co ban cua qua trinh thf nghiem. Viec kidm tra cac 
dac trimg dong doi vdi cac san pham khong lam giam yeu kha nang chju lire va cung 
khong anh hudng den gia tri su dung cua chung. Noi chung dang thf nghiem nay ft thuc 
hien doi vdi ket cau cau. 

5.3. CAC BIEN PHAP TAO TAI TRONG DONG LEN CONG TRINH CAU 


Mot trong nhung yeu to co ban d6 co the tien hanh dung dan cac thf nghiem cong 
trinh va cac ph£n tu ket cau la chon duqc bien phap tao nguon cha'n dong, xac djnh vi tri 
dat tai va curing do cua tai trong phu hop yeu cau cua nghien curu, dieu kien va hoan 
canh cua doi tirong va moi truong khao sat. Co th6 tao tai trong dong bang nhung 
phuong tien san co nhu doan tau lua, doan xe tai... goi la tai trong thuc; hoac bang cac 
may tao rung dong goi la tai trong thf nghiem chuyen dung. 


5.3.1. Tai trong thuc 


Tu truoc den nay a nude ta d6u chi dung cac nguon chan dong la hoat tai tau xe chay 
qua cau. Ngoai nhung trirbng hop thf nghiem nhu doi vdi ngudn chan dong tai chd, con 
phai do di biet anh hudng den trang thai cong trinh khi toe do xe khac nhau va khi xuat 
hien luc ham xe tren cau. 


5.3.2. Tai trong thi nghiem chuyen dung 

Khi nghien curu thuc nghiem cac ket c&'u cong trinh, vi6c dung tai trong thuc de lam 
thf nghiem thubng bi han che, khong dap ung dupe cac yeu cSu nghien cdu v6 curing do 
tai trong cung nhu sir khong che cua tSn so dao dong. Vi the, c£n phai tao cac nguon tai 
trong rung dong chuyen dung co cac dac trimg ky thuat phu. hop vdi cac chi tieu thiet ke 
cong trinh. Trong mot du an vb chan doan cau, Vien KHCN GTVT da nhap 1 xe oto do 
Nga san xuat chuyen de tao dao dong thu cau (cau Yen Bai da dupe thu nghiem). Tuy 
nhien cac ket qua khong dupe phat trien tiep vi thiet bi da hong. Nhung hudng nghien 
cdu la hien dai va can tiep tuc. 

Sau day gidi thieu mot so cac phuong phap va thiet bi co ban de: tao tai trong trong 
cac thf nghiem dong. 

53,2.1. Tai trong xung kick (va cham) 

Va chain don se gay ra dao dong rieng cua ket cau cong trinh. Thf nghiem va cham 
thubng dupe thuc hien khong phuc tap, vi chi c£n nhung bien phap hoac cac phuong tien 
gian don cung co the’ tao nen dupe nhung nhat va cham len doi tupng khao sat. D6 xac 
dinh cac tham so dong (tan so va curing do) cua dao dong curing bde nay khong doi hoi 
phai do chfnh xac cac dai lirpng cua nguon va cham, ma chi can dam bao tao dupe luc va 
cham du de co the; ghi duoc dao dong rieng cua ket cau khao sat. 
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53.2.1.1. Va chant dung 

De tao va cham theo phuong thang dung len cac doi tupng nho, nhe, di rung dong 
nhu cac ban, dam san, co the dung each dap bang bua tay. Nhirng doi vdi nhung ket cau 
ldn, nang doi hoi phai co nhirng bien phap va thiet bi chuyen dung de co the tao cac lire 
tac dung co gia tri Ion. 

Mot trong nhung bien phap thirdng dung la cho roi tu do cac vat nang cu the nhir sau: 

Mot khoi vat lieu co trong lupng Q tireng dirong khoang 0,1% trong lupng cua doi 
tirpng khao sat, dat d do cao h = 2,0 - 2,5m. Tai vi tri diem roi cua vat nang tren ket cau 
thi nghiem va de ngan chan cac nhat va cham thur cap (do nay) sau nhat va cham dfiu 
tien (do rai) cua cac vat nang len cong trinh; vi neu de tdn tai cac va cham thi'r cap se 
lam phurc tap qua trinh tdt dan dao dong va tren bieu d6 ghi dupe se xufl't hien nhung 
song dao dong bo sung (hinh 5.3). Vdi bien phap gay tai trong, bieu d6 dao dong ghi 
duoc se cho phep xac dinh chu ky dao dong rieng cua ca cong trinh va vat nang. 

Chu ky dao dong rieng T () cua cong trinh dupe xac dinh tir ket qua do thuc nghiem se la: 


To ~ T 




m 


qd 


m qd + m 


(5.10) 


trong do: 

T 0 - chu ky dao dong rieng cua ket cau 
T - chu ky dao dong rieng cua ket cau va vat nang 
m qd - khoi lupng quy d6i tai vi tri va cham 
m - khoi lupng cua vat roi 

K - gia tri cua vat nang lam ket cau chuyen vi 1cm 


Va cham dung con co the tao due: b4ng bien phap tha roi vat nang Q tu ket cau thf 
nghiem: vat nang dupe treo phfa dudi ket cau bdi mot spi cap co co cau md tu dong khi 
co lire xung kich keo xac dinh; tha vat nang treo tren ket cau thf nghiem roi tu do, ket 
cau dao dong. Trong trudng hop nay, dao dong rieng cua cong trinh khong chiu anh 


hudng cua vat nang. Kieu thf nghiem nay co the’ dung de thu tai cho ban mat cau che 
sSn. Cung co the dung khi thf nghiem dong coc bang bua roi tu do. Vf du d cong truong 
Cau Bfnh (Hai Phong, nam 2003) da dung bua roi co trong lupng 16 tan de: dong coc 
ong thep D1000 mm sau khoang 40m. Khi thu coc da dung phuong phap noi tren. 


53.2.1.2. Va cham ngung 

Tao va cham ngang co the thuc hien bang bien phap treo mot khoi vat tren spi day co 
noi vdi mot co cau md tir dong khi co xung lire keo xac dinh va spi day do dupe chuyen 
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sang birring nam ngang nhd mot rong roc. Khi tha vat nang rai tu do, ket qua tao nen 
mot xung lire chuyen qua day dupe chuyen haring theo phuemg ngang bdi rong roc va 
lam cho ket cau xuat hien dao dong ngang. Cach lam nhu tren khdng the’ thirc hien doi 
vdi ket cau cau. Do vay de tao lire va ngang trong tht nghiem va xe vao lan can cau d My 
ngirdi ta thudng dung xe that. 

5.3.2.2. Tai trong rung dong 

De tao nguon tai trong curing hue tac dung len ket cau edng trinh hoac doi tuqng 
khao sat, thirdng dung may rung dong chuyen dung. May tao rung dirqc thid't ke' va chd' 
tao theo nguyen ly quay cae qua nang dat I6ch tarn. 

5.3.2.2. J. May rung vdi mot qua nang dqt lech tarn 

Khi quay qua nang co khoi luong m vdi van toe quay ro se sinh ra lire ly tarn 

P = m e co 2 

trong do: e - khoang each tir khoi luqng m 
den tarn quay O (hinh 5.5). 

Khi giu nguyen dirqc toe do quay oj th'i 
cudng do cua lire ly tarn khong thay ddi, nhimg 
phuong tac dung cua lire lien tuc thay doi. Cac 
thanh phan lire nam ngang P x va thiing dirng P y 
se tac dung vao ket cau thf nghiem va thay doi 
theo 1 ual didu hoa: 

P x = m e or cos cot 
P v = m e or sin cot 

a day, cot - goc dac trirng cho vi tri cua khoi luong m tai thoi di^m khao sat. 

Loai tai trong nay thirdng gap trong thirc te san xuat. Nhutig vdi quan diem khi 
nghien ciru bai toan dong la nhSm miic dich xac dinh cac dac trirng cua ket cau cong 
trinh; ncu dung thiet bi mot qua nang lech tam dC tao dao dong, se gay nhidu kho khan 
trong do 1 irong va khao sat cac tliani so dao dong cong trinh, vi cung mot luc cong trinh 
se chiu dong thoi 2 lire cirdng hire theo 2 phuong thang goc vdi nhau. De khac phuc dieu 
do, ngirdi ta da che tao thiet bi rung gom 2 qua nang lech tam. 

5.3.2.2.2. May rung vdi hai qua nang lech him 

Luc xuat hien khi may rung co hai qua nang dat lech tam durqc the hien tren hinh 5.6. 



Hinh 5.5. May rung ly tam khong 
dinh lutong (mot qua lech tam) 
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Hinh 5.6. May rung ly tarn dinh hu&ng (hai qua lech tarn) 

Cau tao cua thiet bi rung: Tren hai true song song O, va 0 2 quay nguoc chidu nhau 
cung mdt van tdc quay co, co hai qua nang (1) va (2) cung khdi lirqng m nam treri hai vi 
trf doi nhau trong moi thoi di6m va co khoang I6ch e den hai true Oj va 0 2 bang nhau. 
Khi cho true quay, se xuat hien hai luc ly tarn Pj va P 2 bang nhau, hinh ehieu cua chung 
len true x nguqc ehieu nhau, cho nen ta co P x (t) = 0, con tong cac hmh ehieu len true y 
la P y (t) thay doi theo quy luat. 

P y (t) = 2me(o 2 sinoot. (5.W) 

Tri sd cue han khi (0 thanh toan = ± n/2, se bang: 

p v max = ±2meto 2 
^min 


Tr€n hinh 5.7 the" hi6n qua trinh tac dung cua luc a bon vi tri vat nang dac tnmg nhat 
trong mot vong quay va quy luat thay ddi cua luc tac dung len c6ng trinh theo thoi gian. 





Tut quy luat lam viec cua thiet bi chan dong hai khoi, ngirdi ta con che tao cac thiet b| 
co cong suat lbn hon vbi 4 hoac 8 qua nang, dung de gay nhirng dao dong cirong brie doi 
vbi cong trinh Ion nhir ket cau nhip cau. Tren hinh 5.8a la so d6 loai thiet bj rung co 4 
vat nang. Thiet bi gom 2 doi vat nang co khoi luong nhu nhau m, dat lech tam, quay 
xung quanh true O,, CT. Hai vat nang (I) va (II) dat trong mat phang xy, 2 vat nang khac 
(III) va (IV) trong mat phang x'y'. Thiet bi chan dong nay co the tao thanh nguon cirdmg 
birc co lire thay d6i dau cung nhir momen thay doi dau. 


a) b) 



Hinh 5.8. Miiy tuny iy lam <. o }><))) qua let 'll 
<i) Tnfdny hop tao life t uny (long hinh sin; b) Trifting hop too mo men rung 

Kiri dat cac khoi luong nhu tren hinh 5.8a, su lam viec cua thiet bi chan dong trong 

* 

moi thoi diem deu giong sir lam viec cua thiet bi rung co hai khoi luong. Neu hai khoi 
lirong (I) va (II) giir nguyen vi trf, diuyen dich khoi luong (III) mot goc 180° so voi (II), 
thi khi thiet bi chan dong lam viec (hinh 5.8b), hinh chieu lire P y (t) tai m6i thofi diem se 
bang hinh chieu ciia life P' v (t) nhirng ngirqc chi6u. Vi vay, trong trubng hop nay thiet bi 
chan dong se tao trong mat phang y/ mot momen dbi dau: 

M(t) - 2meto : sino3t (5.16) 

Mot trong nhung dac tnrng quan trong doi vbi cac thiet bi chan dong de xac dinh luc 
cirong biic la momen dong. 

M k = 10)01^ (5.17) 

trong do: m^, - momen dong ciia khoi luong m dat lech tam vbi true quay mot 
khoang e r 

Khi xac dinh cac dac tnrng dong ciia ket cau cong trinh, thiet bi gay chan dong can 
phai co pham vi thay dbi so vong quay rong; vi the. Iso ph|n dong lire trong cac thiet bi 
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chan dong thuong phai dung cac dong co di£n co dong khong d8i ciing voi bo chu>6n 
t6'c do d8 co the thay doi s6 vong quay ciia thiet bi tir 15 den 20 lln. 

5.3.2.3. Thiet bi rung thuy luc 

De tao cac tac dong lap chu ky tr6n k8t c£u, trong cac phong thf nghiem cong trinh 
thuong dung loai kich thuy luc cung vdi h£ thong bom chuyen dung co kha nang tao 
nhung luong ap luc d£u thay d8i. Khi dung 
phuong phap gay tai trong dong cuong bdc 
len ket c&u, cong trinh bang he thong kich 
bom thuy luc se co nhung uu viet nhu: 

- Co kha nang tao nhung dong luc co 
dang khac nhau, co dai lupng thay ddi tu 
hang chuc den hang tram ta'n, theo cac huong 
tac dung va pha khac nhau; 

- Di6u khi6n dupe tir xa. 

- Co kha nang lap chuong trinh va tu dpng 
hoa qua trinh di8u khi8n che do tai trong 

Kich tac dung lap co nhi8u loai. Tren hinh 
5.9 the hien so do cau tao mot loai kich co 
tac dung trung phuc, g6m ong xylanh (1), 
trong xylanh co pittong (2) va thanh truyPn 
(3), ngoai ra co cac 16 xo (4) d i ep pittong xa d^u bom. 

5.4. DO Ly£j>NG CAC THAM SO DONG 

5.4.1. Cac dac trung khao sat va dieu kien tien hanh cac tham so dong 

Khi thi nghi6m khao sat ket cau cong trinh chiu tac dung ciia cac y6'u to' rung dong 
cung nhu khi nghien cuu vdi tai trong tTnh, cac dac trung xuat hi6n trong dpi tupng 
nghien cuu duoi tac dung ciia tai trong ngoai thuong la cac tham s6' chuydn vi, bien 
dang, ling suat va noi luc. Ngoai ra, trong nhidu truong hop con phai biet van toe va gia 
toe tuong ung. 

Trong qua trinh cong trinh rung dong, c5n xac dinh t^n so dao dong ket cau. 

V6 nguyen tac, de do dupe day du va chinh xac cac tham so dong xuat hien trong ket 
cau cong trinh can phai dung cac thiet bi do ghi tu dong duoi dang cac bi6u d6 dao dong 
tren bang gia'y, cac dao dong ky hieu dien tir hoac so li6u dupe luu tru lai trong cac 



Hinh 5.9. So do kich rung bang thuy h/c 
I- Xylanh; 2- Pittong;Thanh truyen; 
4- Ld xo can bang. 
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bang, cfia tir dP roi dupe xtr ly tu dong trPn cac may chuydn dung hay may tinh dien tir. 
Chi trong nhung trudng hop khi kha nang do luong tir dong bi han che va dieu kien thf 
nghiem cho phep thi co the tien hanh bang phirong phap quan trite: tren cac dung cu do 
nay bdi no thudng cho cac so lieu roi rac va do chrnh xac khong cao. 


De chon thiet bi tir dong dap ung diroc nhiem vu nghien cuu cu the", can xet den cac 
yeu to co ban sau day cua thiet bi: 

- Do nhay cam, dupe xac dinh bang su tuong quan cua dong dien (hay dien ap) tren 
dau vao cua thiPt bi do vdi sir thay doi chi so o dau ra do tin hipu dien nay dua den. Do 
nhay cua thiet bi do chi co y nghla thuc te khi cac thiet bi do co the" to hop cac so do 
khong qua khuech dai; con khi da dung sir khuech dai d6 nhay cho thiet bi do thi khong 
phai la yeu to xac dinh. 


- Khoang do la pham vi ma thiet bi co th6 do duoc va gia tri cua tham so do dam bao 
do sai so cho phep. Khoang do dupe xac dinh theo dac trung chia do cua bien dp va tan 
so; driu tien xac dinh su tuyen tinh va gidi han ciia khoang do biSn dp, sau do la sir lam 
viec cua khoang do tan so cua thiet bi 


- Toe dp dich chuyeii cua phan tir mang tin hieu nhir bang tir, bang giay, phim hoac 
cac chuye’n mach cua cac bp nhd tir... lien quan vdi khoang lam viec cua tan so cua thiet 
bi. Nhung tham so nay can phai khao sat ddng thdi. 


- Kha nang keo dai khi do lien tuc, dP xac dinh diroc dung luong cua bp nhd trong 
cac thiet bi ghi va luu tru khi co dupe gidi han tren ciia tan so do. 

Ngoai ra, trong ky thuat do luong cac dai luong dpng, de’ tranh dupe sai lech trong ket 
qua do, efin thiet nhat la phai lam giam den mire toi thieu anh hudng ciia lire quan tinh 
va sir ma sat trong cac bp phan chuyen dpng ciia thiet bi do, cung nhu cac bp phan lien 
ket va tiep xiic giua doi tuong khao sat vdi cac chi tiet co dp nhay cam cao trong cac 
thiet bi do che tao theo nhung so dd lac dung khong quan tinh ciia dien tir va quang hoc. 
Khi do co the dam bao dupe. 

- Kha nang do nhanh gap hang nghin Ian so vdi he thong chuyen doi co hoc. 

- Kha nang do a cac cu ly each xa doi tuong khao sat de dam bao an toan cho ngudi 
va thiet bi do khi tac dung tai trong. 


5.4.2. Do cac dac trung dao dpng ket cau bang cac thiet bj hoat dpng theo nguyen 
ly co hoc 


Do rung dpng cong trinh dupe lioan thanh tren nhirng co so hoac la do ghi lai chuyPn 
vi tilling hay chuyen vi goc (toe dp, gia toe) ciia cac bp phan trong cong trinh dao dpng; 
hoac la do dac mot hay nhiPu cac tham so ciia qua trinh rung dpng nhu bien do va tan 
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so cua cac dao dong thanh phan, cac dac trirng thong k£ cua chuyen dpng dao dong 
ngSu nhien, cac gia tri dinh cua chuydn vj (tPc dp, gia toe) cua cac chuygn dong dao 
dong biet trude ... 

Khi nghien curu c6ng trinh chiu tac dung tai trong dong, tham so d£u tien car. xac 
djnh la chuyen vi rung dong. De do tham sd nay co th£ dung nhung dung cu va phjromg 
phap don gian nhuf tern dao dpng, d6ng hP do chuygn vi be, cac thig't bi co hoc tir ghi 
bieu d6. 

5.4.2.1. Tem dao dong 

Phiromg tien dom gian nhat de xac djnh dupe gia tri bien dp dao dong cua ke: cPu 
cong trinh la cac con tem dao dong. Tem dao dong la mPt manh giay trPng hinh chu 
nhsit co kfch thude 30 x 250, tren do ve mot hinh tarn giac can nhon bang muc den co 
net rong 0,5 mm; tarn giac co canh day B = 5 + 20mm, chieu cao H ga'p khoang 13 l an 
canh day B. Tren chigu cao cua tarn giac chia 10 khoang bang nhau (hinh 5.10) 


a) 



Khi can do do dich chuyen tai mot vi tri tren ket cau, tem dao dong dupe dan \ac* vi 
tri do dg sao cho true dpi xung cua hinh tarn giac nam thang goc vdi phuong chuyen vi 
cua ket cP'u. Do chuyen vi bang tem dao dong dua tren co so hieu ung quang ho; cua 
nhan quang ngudi do. Khi ket cau bi rung lam cho tem dao dong theo, qua trinh ttm bi 
dao dong vdi tan so tirong doi cao (khoang tren 500 chu ky trong 1 phut); hai cam ben 
cua tarn giac can cua tem tao thanh mot bong hinh tarn giac nho, co mau sac den. mPm 
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ngirpc chieu. Ngudi do c6 the doc dupe vach so chia tren tem ma chieu cao a ciia tarn 
giac nho chiem giir. 

Tlico tmh d6ng dang cua tarn giac, ta co the xac dinh gia tri chuyen vi (bien do dao 
dong) cua ket cau tai vi tri do bang: 

B 

c = — a 

H 


trong do: 

c - chuyen vi dong can xac dinh 

B/H - ty so giu'a canh day va chieu cao cua tem dao dong 

a - chidu cao cua tarn giac bong den, diroc do bang cac vach chia tren tem dao 
dong vdi do chinh xac den mot nira vach do 

Vdi tem dao dong co the do diroc cac chuydn vi dong tir 10 den 20mm khi tan so dao 
dong khoang 500 chu ky/phut va tir 1 den 10mm khi tan so khoang 1000 chu ky/phut. 
De nhan dupe ket qua do tin cay thi dao dong cua cong trinh phai dupe on dinh. 

5.42.2. Dong ho do chuyen vi 

Do rung dong cua cong trinh co the dung cac dong ho do chuyen vi thdng. Ddng ho 
diroc gan tren mot didm co dinh ngoai ket cau hay thong thubng dupe gki tren mot khoi 
luong treo true tiep tren cong trinh nhimg co tan so dao dong rat thap so vdi dao dong 
cua cong trinh. 


Khi ket c&u rung dong, kim cua dong ho do chuyen dong va tao thanh tren mat dong 
ho mot bong re quat; tir khoang dich chuyen cua dau mut kim co the doc dupe bien do 
dao dong cua ket cau. Didu kien co ban de do diing la qua trinh ket cau rung dong, luon 
dam bao thanh truyen dong ciia dong hd tiep xuc vdi diem do chuyen vi; dieu nay chi 
thuc hien dupe trong tat ca cac pha dao dong, lire quail tmh cua thanh truyen dong cua 
dong hd khong vupt qua lire keo cita Id xo trong ddng ho do. Noi chung, nen chon sao 
cho gidi han tirong irng ciia phep do rung dong bang ddng hd do chuyen vi vdi gia tri ciia 
vach do 0,01mm. 


5.42.3. Do rung dong cong trinh bang cac khoi luong quan tinh 


5.42.3.1. Do dao dong diing 

Phuong phap don gian nhat la phai tao nen nhimg diem co dinh hay nhfmg diem co 
tan so dao dong thap, cham chap nam trong khong gian ciia ket cau kluio sat. De tao 
dupe nhfrng diem co dao dong thap hon nhidu ldn so vdi ket cdu, thudng diing cac con 
Ik quan tinh gom mot khoi luong (1) dupe treo bang mot 16 xo (2) vao ket cau dao dong 
(3). Chidu dai tirong irng cua Id xo can dam bao cho tan so dao dong rieng khoi luong 
nay kha thap so vdi tan so rung dong khao sat. De tien hanh do rung cua ket cau co thd 
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dung d6ng ho do chuyen vi gan chat tren ket cau va diu thanh truyen dong cua d6ng hcS 
luon dupe tiep xuc voi khoi I iron g quan tinh (hinh 5.1 la). 

Tren hinh 5.1 lb trinh bay so do ciu tao cua dung cu do rung dong thing dung theo 
kieu dung khoi luong quan tinh. Dung cu g6m gia de (5), tai diem O tren gia lam tam 
quay cua don bay gay khtic AOB, trong do dau mut B nim 6 vi trf cao hon tam quay O 
va diu mut A cua don bay. Tren mut A cua doan don nim ngang OA dat khoi luong {1); 
diu mut B neo vao gia de bang 16 xo (2). De chi thi do rung dong cua ket cau khao sat; 
tren gia de, a vi trf phii hop gin c6 dinh dong ho do chuyen vi (4) de sao cho thanh 
truyen dong cua dong ho luon luon tiep xuc vai khdi luong (1) khi ket cau rung dong. 

Trong he thong co ciia thiet bi, co cau tao diem neo B cua phin don gay khuc o cao 
hon phan don nim ngang OA mang khoi luong, nen da lam giam dang ke tan so rieng 
ciia he thong. Tan so dao dong toi thieu cua h6 th6ng co the dat toi 0,1 Hz; neu giam tan 
so thap hon nua, thi ciu tao cua he thong co hoc se mit 6n dinh ngoai mat phing dung, 
do mut don B nim qua cao so voi phin don OA nim ngang. 




Hinh 5.11. Can tao i dc fliiet hi do 
dao dong dt'fng 

a) Con Idc quan tinh; h) Thiet hi do 
qua ddn hay; c) Thiet hi do qua cdc 
Id xo Id 

/- khoi hqmg quan tinh 
2- Id xo 
ddn hay 

4- dong ho do chuyen vi 

5- gid de 
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Tien hinh 5.1 lc, gidi thieu mot kidu can tao khac cua dung cu do rung dong dung 
nhd khoi luong quan tinh a day, khdi luong (1) bao quanh va gifr chuydn dOng ho 
chuydn vi (4); dong thdi duoc lien ket vdi gia de (5) bang cac lb xo la (2). Thanh truydn 
dong cua dong ho do tie'p xuc vdi gia de (5) de don nhan do rung dong, khi thiet bi duoc 
gan chat vao ket cau khao sat. 

5.4.23.2. Do duo dong ngang 

Trong thur nghiem ket cau nha co thS sir dung loai dung cu dao dong ngang dcm gian 
nha't co cau tao nhir biia va g6m khoi luong quan tmh duoc treo n4m ngang tren khung 
do bang bon day treo. Chi thi va do luong rung dong ngang bling dong h6 do chuy6n vi 
thSng hay mot dung cu do ki6u tu ghi. Nhung doi vdi ket ca'u nhip cau rat ldn khong the 
lam nhu vay duoc va chi co the dung cac may rung de tao dao ddng ngang. Cac may nay 
co the dat tren xe oto dac biet. 

5.4.2.4. Thiet bi do rung dong tu ghi bdng cahoc 

Do rung dong cua ket cau bang dong ho do chuyen vi thing thudng gap nhi6u han 
che nhu: do chinh xac thap, so lieu rbi rac va khong ghi lai duoc qua trinh dao dong ... 
Do do, trong ky thuat do rung dong da xuat hiSn cac thiet bi do tu ghi theo nguyen ly co 
hoc. Hai thiet bi thudng duoc sir dung de do rung ddng cua ket c&'u cong trinh la: 

5.4.2.4.1. May do rung dong cong trinh kieu Geiger (hinh 5.12) 



Hinh 5.12. May do dp rang nr ghi bieu do Geiger 

Cac may do rung dong co hoc tu ghi bieu do thudng co co c3iu chuyen dong theo so 
d6 cau tao Geiger. Nhung bo phan co ban trong may do gom: 
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* Bo phan tao chuyen dong thang ddu cho bang giay ghi bie’u d6 (4). Bo phan nav 
g6m hop day cot dong h6 (1) nham tao chuyen dong quay lam quay true (2) keo bang 
giay chay tren ban ghi dao dong (3). 


* Bo phan tiep nhan va truy6n rung dong cua cong trinh vao kim ghi dao dong (5); 
g6m mot true ong (6), trong ong co thanh truydn dong (7); thanh truyen dong giu dirqe 
vi tri can bang trong true ong nh6 16 xo (8). Dau tir do cua thanh truydn dong (7) nho ra 
ngoai vo may de co the tiep xuc voi diem do dao d6ng tren cong trinh hoac voi co can 
chuyen huong dao dong cua cong trinh (11) hoac tiep xuc v6i khoi luqng quan tmh treo 
tren cong trinh. Dau mut khac cua thanh truydn dong lien ket khdp voi than kim ghi dao 
dong (5). Tren kim ghi (5) co ba diem dac trung, do la: 


A - diem co' dinh la tarn quay cua kim 

B - dieim tiep nhan rung dong cua cong trinh tCr thanh truyen Jong (7) 

C - diem mut de vach dao dong len bang gia'y ghi bi^u do. 

Khi do rung dong, hai bp phan do chuyen dong dong thoi tao nen sir chuyen dong 
thang deu cua bang giay va dao dong qua lai cua dau kim khi tiep nhan sir rung dong 
cua cong trinh, ket qua se cho bieu d6 dao dong (do vong dong) cua cong trinh khao sat. 
Ngoai ra, trong may rung dong con co mot bo phan vach dau thoi gian (Is) tren mep cua 
bie-u d6 ghi dao dong. Bo phan nay la mot nam cham dien nho (10) vori 16 xo la mang 
kim (9). 


May do rung co hoc tu ghi bie’u d6 dupe dung de do do vong dong khi tren cong trinh 
co sSn nhufng di6m co dinh, tai do co the dat cac may do. Truong hop khi tren cong trinh 
khong co nhung diem co' dinh, thi tren may do con phai co them mot bo phan tao diem 
dao dong co tan so thap bang khoi luqng quan tmh (hinh 5.12a,b). Bo phan nay gom 
nhirng chiec hop Iron lien ket dong tarn vo’i true ong (6); trong do co 16 xo vong (12); 
dau trong cua 16 xo lien ket voi true ong (6) dau ngoai cua 16 xo gSn voi khoi luqng quan 
tmh (13), khoi luqng nay co the dao dong quanh true ong tren thanh nan hoa (14). Cum 
16 xo co khoi luqng quan tinh co the! dat theo nhung vi tn tuy y phu hop voi huong can 
do dao dong ciia cong trinh (thang dung, m\m ngang hay nghieng). Tay quay (15) dung 
de diSu chinh do cimg cua 16 xo (12) nham thay doi tan so dao dong cua khoi luqng 
quan tinh. Voi cac may do dao dong Geiger, khoi luqng quan tmh thirong co tan so dao 
dong tu 2 den 3Hz. 


Do rung dong cong trinh bang may dao dong kie’u con lac, khong doi hoi phai co 
nhung vi tri co dinh, may do dupe lien ket chat va cung rung dong voi cong trinh; liic 
nay dau tu do cua thanh truyen dong (7) dirqe tiep xuc voi khoi luqng quan tinh (13) qua 
he don bay (16). Bieu do dao dong ghi lai dupe bang kim (5) se phu thuoc vao bieu d6: 
dirong lien net bieu di6n dao dong cua cong trinh, du6ng dirt net bieu di6n dao dong cua 
khoi luqng quan tmh (hinh 5.13). 
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Hinh 5.13. So do can tao may rung dong kie’u con lac qudn tinh 
a, h) So do cau too may do; c) Bieu do duo dong tu ghi 

5.4.2.42. May do rung dong cum toy (hinh 5.14) 

May do rung dong cam tay co can 
tao gSn giong nhir may do kicu Geiger. ' X zy/ 7 / 7 / 7 //////////y// 7 ^ . 8 

O day, trong thiet bi khong c^n bo r, :NX b x ^ 

phan khd'i lucmg quan ti'nh co tan so cyj' — 5^ 

dao dong thap so vdfi ket cau ma dung j_ ; r|L |-3 6 y ~~*r^ 

true ti£p dao dong cua ngubi sir dung ( -| -_Mi | 

may do dung tren cong trinh VI the, ~l| ^ 

khi dung dung cu nay co thd’ cam tay (I_JI_ ^ 

. ... . 1 wmzzzzzzzma 

de do true tiep su rung dong cua cong 

Irtnh khong yen cju phai co diem ga HM 5 , 4 Sad6 klo m(jy do d6ng 

lap may co dinh. cdmlay 

Cau tao cua may do gom vo may, 

tren do g^n ong (6), trong dng co thanh truy6n dong (7) va dupe giu a vi trf c£n bang 
nhb 16 xo ong (8) tai dibm co dinh A va mui kim C se vach dao dong tren ban ghi (3). 
De tao chuyen dong thang deu cua bang giay ghi bieu do (4) tren ban ghi, trong thiet bj 
da dung hop khdi dong day cot dong h6 (1) de lam quay true lan (2) keo chay bang giay 
ghi bieu d6. Tren may con co bo phan vach thbi gian chay bang nguon pin, mbi vach 
tuofng irng vbi 1 s. 

Thiet bi do rung cam tay dung de do dao dong cua cac cong co tan so rung cao; vbi 
tan so rung tu 5 den 100 Hz co the do dupe bien do dao dbng tu 0,05 den 6mm. 
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5.4.3. Do cac dac trung dao dong ket cau bang cac thiet bi hoat dong theo nguyen 
ly dien- tir 


Cciu tao co ban cua cac thiet bi do rung dong cong trinh bang dien dPu dua tren mot 
nguyen tac chung la cac tham so cua chuyen dong dao dong dupe chuyen doi thanh 
nhimg dai luong dien; sau do dung cac thiet bj do dien de do va ghi lai cac tin hieu dien. 
Uu diPm co ban cua thiet bi do cac tham so rung dong bang dien la co kha nang do dupe 
tir xa; ciing mot luc thuc hien duoc nhiPu di6m do; co the quan sat tong th6 mot qua 
trinh dong phirc tap xay ra tren cong trinh; xac dinh dirqc dang dao dong va co th6 tir 
dong hoa qua trinh do lirbng cac dai Iirqng. 

Co hai loai chuyen doi dai lircrng co hoc thanh dai luong dien: 


* Bo chuyein doi dien dong, dupe 
xay dung tren nguyen tAc chung la 
bien doi nang luong co hoc thanh 
dien, tuc la tao ra mot sire dien dong. 
Phuong phap pho bien nhat dua tren 
co so thay doi cua luOng qua cuon 
day, thuemg goi la dien tir hay cam 
ung. 

Tren hinh 5.15 gidi thieu so d6 don 
gian cua bp chuyen doi cam ung gPm 
mot loi tir (2) dao dong trong cuon 
day (1), lam xuat hien trong cuon day 
mot sure dien dong ty le thuan vcri toe 
do dao dong cua loi tir. 

* Bo chuyen doi tham so: cac tham 
so chuyen doi d day thuong hi cac dai 
luong cam khang, dien tro ...; sir bien 
thicn cua cac tham so chuyen doi nay 
co lien quan true tiep voi su thay d6i 
cua cac tham so co hoc khi cong trinh 
rung dong. 

Tren hinh 5.16 gidi thieu so do cac 
bo chuyen ddi cam ung bang cuon day 
vdi loi tir. Sire cam khang trong cuon 
day sc bien thien ty le \di sir thay doi 
khe ho A giua con chav va loi tir, tuc 



Hinh 5.15. So'do chuyen doi dien dong 
1 - Cuon day; 2 - Loi t!( 



Hinh 5.16. So do ho chuyen doi tham ad 
1 - Cuon day; 2 - Loi tie. 3 - Con duty 
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chuybn vi cSn do ciia cong trinh. Bo chuyen dbi loai nay co do nhay rat cao va dan gian 
nen dupe dung rong rai khi do rung dong cong trinh. 


Sir chuybn dbi tham so van nang nhat dua tren co so cua sir thay dbi dien trb. Trong 
nghicn cun there nghiem co can cong trinh, khi do bien dang tuong doi cua vpt lieu 
thudng dung loai chuyen doi tham so dien trb; do la cac phbn tir tenzo cam bien dien trb. 


5.4.4. Do bien dang dong 


Do bien dang dong trong ket cau cong trinh phb bibn dung tenxomet dien tro. 
Nguyen ly lain viec va cau tao co ban tenxomet dibn trb dupe trinh bay chi tiet trong 
muc 3 chirong 3. Cung nrong tu nhu trong do lubng trang thai bien dang tTnh, de do 
lubng bien dang dong can phai co ba bo phan co ban sau: 

- Bo phan tiep nhan va chuyen doi thong tin: do la cac phan tu tenzo cam bien dien 
trb. Cac phan tir nay co nhiem vu tiep nhan do gian tirong doi cua vat lieu khi doi tirpng 
chiu luc de chuyen thanh sir thay doi gia tri dien trb trong ph^n tb cam bien. 

- Bo phan do krbng va khuech dai tin hieu: day la may do lubng cac tin hieu dien (sir 
bien thien di^n trb) nhan dupe tu phan tu cam bien, sau do dupe khuech dai de chuyen 
den bp phan ghi va xir ly thong tin. 

Mot may do bien dang dong thubng co nhi£u kenh (cau do) de tai mbi thbi diem 
co the do dupe nhibu diem tuong ung vbi so lupng kenh cua may do, vi trong mbi 
kenh chi thuc hien dirpc mot diem do bien dang dong dang ton tai nhieu loai may do 
khac nhau nhu: 

- Nhat Ban co cac loai may: DPM-700 (-711 A, -712A) - 8 kenh do; 

MCC-A-6,8 va 167 kenh do; 

CDV-400-6 kenh do; 

MCA-160AS- 16 kenh do ...; 

- My va cac mrbe chau Au co: System 2100 - 8 kenh do; 

System 2300 - 10 kenh do; 

- Bo phpn ghi nhan va xu ly thong tin; gbm thiet bi ghi, luu tr£r thong tin do dupe nhb 
cac may ghi loai RPT-50A (4 kenh do), -350A (16 kenh do), -550A (7 kenh do) - 670A, 
-770A (14-21 kenh do) ... va sau do chuyen den cac may phan tich va xu ly chuyen dbi: 
DAA-100A, ADC- I50A, -160A ... hoac may tfnh dien tir khi co cac chuong trinh xu ly 
tuong irng. 


5.5. TIEN HANH THI NGHIEM VA XAC DINH CAC THAM SO DONG 


5.5.1. Ivhao sat dbi tuong thi nghiem 

Tien hanh thf nghiem mot ket cau cong trinh chiu tac dung cua tai trong rung dong co 
nhibu nhuc tap hon so vbi tai trong tTnh. Trong qua trinh chiu tai, khbng nhung rieng ket 


167 



cau dao dong ma may do cung bi rung theo. Mot sai sot hay khuyet tat t6n tai trong he 
thd'ng thf nghiem, neu khong dugc phat hien day du va kjp thai cung co the gay ra sir hir 
hong hay pha hoai dot ngot cac phan tu ket cau trong qua trinh tien hanh thf nghiem. VI 
the, trudc khi chat tai trong can phai tifin hanh cac buac cong viec khao sat ki^m tra doi 
tugng sau: 

5.5.LI. Khao sat trang thai ket cau 


Cac noi dung: 

• Do va kiem tra lai hinh dang va kfch thudrc cau tao ket ca'u; 

• Xac dinh cac dac trung va chat lieu cua vat lieu tren doi tugng thf nghiem; 

• Phat hien va danh gia muc do nguy hiem cua khuyg't tat va hu hong t6n tai trong doi 
tuong do qua trinh che tao; 

• Tfnh toan kiem tra lai trang thai lam viec cua doi tuong tren co so cua cac so lieu 
khao sat thuc te, tuong ung voi cac che d6 tai trong thf nghiem. 

5.5.1.2. Xac dinh tinh chat, vi tri va gia tri cua tai trong thi nghiem 


Truoc tien can phai xac dinh tfnh chat cua tai trong dong diing trong thf nghiem cong 
trinh la tai trong xung do va cham; hoac tai trong rung dong theo chu ky bang mot hay 
nhidu nguon cuong buc tao ra; hoac la cac tai trong thf nghiem. Sau cung, bang so do th<S 
hien vi trf va bien phap tac dung tai trong nham dam bao dat dung, truy4n du tai trong 
len doi tugfng thf nghiem. 


5.5.13. Phan bo va lap dat dung cu do lu&ng 

Cac dung cu do luong sau khi lira chon, se dugc lap dat tren cac tiet di6n va cac dieim 
dac trung cua ket cau de xac dinh gia tri cua cac tham so dong. Trong thf nghiem dong, 
so lugng dung cu do sir dung thudng khong nhidu, nhung co cau tao kha phuc tap; cho 
nen viec lap dat chiing len ket cau phai can than d6 chung hoat dong binh thubng trong 
qua trinh ket cau chiu tai va cho ket qua do dac chfnh xac. 


5.5.2. Thf nghiem do tan so dao dong tu do cua ket cau 

Xac dinh tan so dao dong tu do co mot y nghTa quan trgng doi vdi viec khai thac va 
su dung dung dan cac ket cau cong trinh lam viec voi tai trong rung dong. Trong there te, 
khi biet dugc tan so dao dong rieng cua d6i tugng khao sat hay cong trinh, co the danh 
gia kha nang cho phep dat len cong trinh do cac ngudn chan dong (thiet bi may moc) co 
che do lam viec xac dinh, hay d6 giai thfch nguyen nhan xuat hien dao dong cong hirbng 
tren cong trinh de: tim bien phap tranh hien tugng do. 

De xac dinh tan so dao dong rieng cua cac bo phan ket cau hay cong trinh bang 
phirong phap thuc nghiem co the thuc hien theo hai each sau: 

Cach thf nghiem thu nhat: Tac dung len k6d cau mot luc va cham bang each tao vat 
roi (va cham diing), hoac bang bua va (va cham ngang), hoac mot lugng no nho dinh 
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hubng hay bang each tao mot ehuyen vi ban dau de ket cau ra ngoai tu the' can bang, 
sau do de cho ket cau dao dong tir do. D6 xac dinh dang, tan so va do suy giam dao dong 
tai tiet dien dac trirng cua ket cau dat cac dung cu do ehuyen vi dong va ghi lai bieu d6 
rung dong cua ket cau. 


Cach thi nghiem thu hai: De xac dinh tan so dao dong ri6ng cua ket cau, dimg mot 
may chan dong kieu quay cac qua lech ma tan so rung cua no co the dieu khien bang 
each thay dbi so' vong quay. Cho thiet bi rung lam viec vbi nhung gia tri tan so thay doi 
khac nhau, de’ chon mot tan so gay cho ket cau co dao dong vbi bien do phat tri6n 
nhanh, bat dau xuat hien sir cong hubng. Tan so dao dong luc nay cua nguon cuong burc 
ehinh la tan so’ dao done riene cua ket cau. 


Tin' nghiem theo phuofng phap cirbng buc can chu y sau m6i lan thay doi gia tri tan s6' 
(tuong ung vbi so vong quay cua cac qua lenh) cua nguon cirdng bde, can giu nguyen 
cho den khi dao dong cua ket cau 6n dinh moi cho phep thirc hien lan thay doi tan so 
tiep theo. Do tan so rung dong cua nguon cirong burc khi bdt dau xuat hien hien tuong 
cong hirbng nen thuc hien bang thiet bi do so vong quay. Phuorng phap thf nghiem bang 
nguon cirbng buc chi co hieu qua khi do tat dbn cua dao dong khong Ion va vbi cac dang 
dao dong bac thap dirbi 2. 


5.5.3. Thi nghiem do dao dong durbi cac tai trong cirbng burc 

Klii tin nghiem lai hong rung dong ket cau khiio sat se xuat hien nhung dao dong 
cubng buc co khoang tan so rong, trong do co ca vung cbng hubng. Thf nghiem rung 
dong se cho nhung dac trirng dong day du va toan dien nha't cua doi tuong khao sat. 
Nhung de co the thirc hien diro’c mot thi nghiem rung dong cubng buc doi hoi phai co 
nhung thiet bi va may rung ehuyen dung cOng nhu kha nang lien ket chat chung vbi 
cong trinh. Trong thuc te thi nghiem cong trinh, de tao tai trong dong thubng dung cac 
may rung bang cac khoi lupng icch tarn. 

Khi thi nghiem bang phuong phap rung dong cirbng buc cong trinh, se nhan duoc 
dubng bieu dien moi quail he giua dai hrong khao sat (chuybn vi, bien dang, ...) vbi tan 
so ciia lire cubng hire, do la "dubng cong cong hirbng". Khi xir ly cac dubng cong nay co 
the nhan dupe tan so dao dong rieng cua ket can va cirbng do tat dan cua dao dong xuat 
hien tren ket can. 

Db xac dinh he so dong, tai trong di dong can phai dicli chuybn tren toan bo nhip lam 
vice cua ket cau vbi toe do cue lieu va cue dai; vbi moi gia tri toe do se tien hanh ghi cac 
tham so dac trirng dc tinh toan ket cau nhu do vong cue dai hay bien dang trong viing 
ket can co tap trung ung suat. Tren hinh 5.20 trinh bay bieu do rung dong ghi dupe tren 
mot dam can chav dc' tir do xac dinh he so dong: 
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K d = y ld /y t 


(519) 


trong cdng thuc va hinh 5.17: 

y ld - gia tri Ion nhat cua tham so do khi hoat tai chay vdi toe do cue dai 

y, - gia tri ldn nha't cua tham s6' do khi hoat tai chay vdi toe do cue tidu (tTnh) 

y 2d - gia trj ldn nhat cua tham sd' do khi hoat tai chay qua chudng ngai (moc 
cao 4mm) 



Hinh 5.17. Set do .xac dinh lie so dong cua dam can 


5.5.4. Nguyen tdc thii tai cong trinh durdi tai trong khai thac 


Trong trudng hop doi tuemg nghidn curu la cong trinh dang khai thac hoac che tao 
nh4m muc dich se dua vao su dung thi trong thi nghiem co the dung cac phuong tien gay 
tai thuc te d6 lam tai trong thi nghiem. Phuong phap nay se cho nhung s 6 lieu lam viec 
thuc te cua tong thd cong trinh cung nhu cua cac bo phSn ket c^'u trong dieu kien su 
dung. Tuy nhien, cung co han che la cudng do va che do lam vide cua tai trong thi 
nghiem khong dat duqc y6u cau toi da de xac dinh kha nang chiu luc, do bdn vung va 
trang thai hu hong cua cong trinh. 


Khi thi nghiem vdi tai trong sir dur g co the xac dinh cac dac trung sau: 

• Gia tri chuyen vi, bien dang va noi lire xuSt hidn trong cac phan tu ket cau dudi tac 
dung cua tai trong sir dung; 


• Tan so dao dong rieng; 

• Che dd lam vide (tire la nhung gia tri nguy hiem cua chuydn vi, bien dang va irng 
suat) cua thie't bi may moc va td'c dd di chuydn cua cac phuong tien chuyen dong trdn 
cong trinh. 


Khi tai trong thi nghiem la cac may moc dat co dinh tai chd thi ngoai bude thi 
nghiem vdi che do lam viec binh thudng con can phai tien hanh thi nghiem vdi dieu kien 
iam viec nang hon nhu khi co gia toe hay ham dot ngot v.v... 

Khi thi nghiem vdi tai trong di dong can phai phong ngira: 
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• Vi trf bat lgi cua tai trong dan den noi lire 1cm trong doi tircmg; 

• Toe do tai han tirong ung vai hien tirang cong hirdng; 

• Phanh ham dot ngot v.v... 

Khi dung xe o-t6 lam tai trong thur dong thi con can cac thf nghiem them nhu: 

• Tao sir va cham dung co the xay ra trong thuc te do be mat cua ket cku khong bang 
phang (cho xe chay qua tarn van day 5cm rqng 20cm tren mat ciu). 

• Tao nhung tac dung theo phuang nkm ngang co the sinh ra do su quay gap chuy6n 
hirdng cua cac phuang tien di dong. 

5.6. XU’LY CAC KET QUA THI NGHIEM 

5.6.1. Phuang phap xur ly ket qua thf nghiem dao dong 

Van dd quan trong khi nghien ciru bang thuc nghiem cac ket cku c6ng trinh chiu tac 
dung dong hoc la viec xu ly cac thong tin nhan dugc trong qua trinh thf nghiem. Cac 
thong tin nhan duoc do co the la cac bieu do tu ghi lai tren cac dung cu do luomg, trong 
do thd hien su bien thien dai luemg cua tham so khao sat theo thbi gian; hoac co the la 
cac so do rdi rac qua nhung khoang thdi gian each quang hay a nhung moc thbi gian xac 
djnh. Do thj bieu didn cac tham so phu thuoc thai gian la dang th6ng dung va thuan tien 
nhat khi tien hanh phan tich vk xu ly quk trinh rung dong cua m6t d6i tugng khao sat. 
Nhung bieu d6 nay khong nhung cho kha nang phkn tfch quy luat bien thien cua tham s6 
ma con cd the cho bict hang loat gia tri cac so do roi rac. 

Khi tien hanh thf nghiem rung dong ket cau cong trinh, trong thuc te thudng gap cac 
dang dao dong nhu sau: 

• Dao dong utt dan; 

• Cac dao dong co dang gan didu hoa khong tat dan; 

• Cac dao dong theo chu ky, la cac dao dong tdng hgp cua nhidu dao dong dieu hoa; 

• Nhung qua trinh dac trung xung dong; 

• Cac dao dong co dang ngku nhien dirng. 

Qua trinh xir ly so lieu thuc nghiem dugc thuc hien theo cac bude ca ban sau: 

1. Phan tfch tong the' qua trinh khao sat, trong do trirbe tien phai nhkn xet va tach qua 
trinh dao dong phirc tap thanh nhung qua trinh don gian quen thuoc; sau do can xac dinh 
cac t\ lo tao do iron true thoi gian (nkm ngang) va true tham so khao sat (thkng dirng) 
dirge sir dung tren cac do thj tu ghi. 

2. Xac dinh gia tri cac tham so dac trung cua qua trinh khao sat. 
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3. Trong nhung trurong hap can thiPt, tiPp tuc xu ly ket qua khao sat tren ca sa so lieu 
cua cac tham so dac trumg. Chang han, tu tham so chuypn vi, bang cac phep tinh toan dP 
xac djnh toe do va gia toe hay nguac lai; hoac bang cac phep so sanh dong then cac s6' 
lieu do dac se co duac dang dao dong ... 


4. Tren ca sa cac ket qua da tien hanh xu ly se cho nhung danh gia chung cua qua 
trinh lam viec dong cua doi tuang khao sat. 


5.6.2. Phan tich dao dong tat dan 


Phan tich dao dong tu do cua ket cau c6ng trinh duqc tien hanh nham muc dich xac 
dinh chu ky va dp suy giam cua dao dong. Tren hinh 5.21 la mpt bie’u do dao dong tu 
do, chu ky dao dpng duac xac djnh dd dang bang each so sanh chieu dai cua nhung doan 
T vdi khoang each giua cac vach danh da'u thefi gian. De xac dinh dp suy giam I6ga 8 
cua dao dpng (hay he sP ha'p thu nang luang \\> = 2 8) bang each do tren bieiu do cac gia 
trj bien dp a n va a n + p, tu:c la n + 1 chu trinh dao dpng va dp suy giam logarit duac tinh 
toan theo c6ng thurc: 


5= lb.a n /a n + 1 (5.20) 

Neu dp tat d5n khong l<m va gia trj cua cac bi6n dp k6 nhau khong khac nhau nhiPu, 
thi dd lam giam dp sai so do su do kh6ng chinh xac trj s6' bien dp tren bi6u do rung; 
c6ng thuc tinh toan dp suy giam lPgarit duac thuc hien tren ca sa so do cua hai bien d6 
each nhau m chu trinh dao dong: 

5 = 1/m . In . l n /a n+m (5.21) 

a day, edng thu:c (5.21) se cho gia trj trung binh 5 cua m chu trinh dao dpng tat dan. 


AWAAAAMAAAAAAMAAAAVW 


10 X ).l = Is 

-► 



Hinh 5.18: Xlic dinh chu ky vd do suy giam Idga cua dao dong 
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£>c xac dinh he so hap thu nan'g lupng doi vdi cac cong trinh thirc td, thudng dung 2 
phirong pliap thi nghiem sau day: 

I. Xac dinh he so \\i theo dudng cong tieu thu cong sudt khi cong hudng 



Hinh 5.19: Xtic dinh he so ij/ theo dieting cong cong hitting. 

I- Dinh cong luetivg khi he so hup thu Ion; 2- Dinh cong hitting khi he so hap thu he. 

Tren hinh 5.19 cho dudng cong tieu thu nang lupng W khi lam viec cua may rung ly 
tarn doi vdi hai gia tri t|/. Noi phan dau va phan cuoi cua dirong cong bang dirong thang 
OA ta sc co dang cua dinh cong htfong. Khi do, he sd hap thu nang lupng i \j dupe xac 
dinh bang cong thirc: 

v|/ = 7i. (n 2 — n,)/ n (> (5.22) 

non” do: 

C 

n () - tan so cong iurdng; 

n| va Ho - tan so ciia diem C va D tren dirong cong cong hudng. 

C va D - cac diem giao giira dirong cong cong hudng va dudng thang CD qua diem 
giCi’a cua cl-ieu cao dinh cong hudng va song song vdi dudng thang OA 
(hinh 5.19) 

2. Xac dinh he sd \j/ theo be long ciia dinh bien dp cong hudng 

Tr:n hinh 5.20 trinh bay mot dinh cong hudng vdi true tung bied dien tham sd 
chuyen vi hay bien dang: tren true hoanh bieu dien dai lupng khong thu nguyen n/n 0 
(n- fill so quay cua nguon cudng hire: n„ - tan so cong hirong). Trong trudng hop nay, he 
sd bin thu nang lupng co the xac dinh theo cong (hue: 

i|< = ^b(i-b 3 ) (5,23) 

v3 

treng do: b- be rdng cua dinh cong hudng tai diem giira cua do cao dinh 
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b 2 nho hon 1, cho nen trong tmh toan thuc t€, dai luqng nay c6 th£ bo qua, khi do 

2n 

V = (5.24) 


Hinh 5.20: Me dinh 
he so y/theo he rong eua 
dinh hien do t ong hi/ang. 



5.6.3. Phan tich cac dao dong theo chu ky 


Cac dao dong theo chu ky thubng la to hop cua mot so cac dao dong dibu hoa. Doi 
vbi loai dao d6ng nay cSn xac dinh cac chi tieu sau: 

- Gia tri cue dai cua bien do tong hop vbi qua trinh nghien cun; 

- T&n so cua thanh ph5n dao dong chinh; 

- Bien do cua mbi thanh phan dao dong; 

Bia't duqc t5n so cua cac dao dong thanh phan se xac djnh duqc ngubn dao dbng to 
hop va theo gia tri bien do cua cac dao dong nay co th£ ban ve hi£u ung mang lai cho 
cong trinh cua tirng nguon dao dbng thanh phan. 

D6 xac dinh duqc cac tham so tren day, khi xu ly cac biiu do dao dong thubng dung 
"phuong phap dubng bao". Phuong phap nay dua tren tfnh chat cua dubng cong tong hop 
nhan duqc bang viec cong tac dung cua cac dao dong thanh ph£n dang hinh sin. 


Tren hinh 5.21 la bie’u do ghi duqc tit qua trinh dao dbng hinh sin co tan so khac 
nhau. Hai dudng bao (2) tao thanh bang each noi cac dinh cung phia cua bieu do ghi 
duqc se cho dang dao dong cua thanh phan co tSn so tha'p (3); b6 rong 2a cua dai b giua 
hai dubng bao tren dubi bang hai lfin gia tri bien do cua dao dong thanh phan co tan so 
cao (1). 


Khi khao sat dao dong c&n chu y, trong nhibu trubng hop, chu ky dao dong cua dubng 
bao the hien r£t ro rang. Tuy nhien, cung co trubng hop tren cac dubng bao khong the’ 
hibn ro chu ky dao dong; luc nay viec xac dinh chu ky tren chinh no co the bo qua; sau 
khi xay dung cac dubng bao, t&n so va bien do cua cac dao dong thanh ph£n co the xac 
dinh nhu doi vbi dao dong dieu hoa gian don. 
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2 



Hinh 5.21. Cac dating cong ghi duo dong 
1- Dao dong hoi thdnh phdn; 2- Duong bao; 3- Dao dong thdnh phdn tan so thap 




Hinh 5.22. Phdn tich dao dong "bien" 

aj Kin ode bleu do thd/ili phdn khong bang nliau; b) Khi ode bien do thdnh phdn bang nhau. 


Bieu do dao dong "bien” cung la ke’t qua cua viec to hop dao dong thanh phan co tan 
,'>b dao dong rat gan nhau (hinh 5.22). Ap dung phiromg phap ducmg bao de phan tich dao 
dong nay sc xac dinh cac tinh chat sau: 

- Duong bao tren va dudi gan co dang hinh sin nhirng doi pha; 

- Tan so thay dbi b6 rong cua dai nam giira hai dufrng bao (tan so "bien"), b3ng hieu 
cua tan so cac dao dong thanh phan; 

- Chicni rong arc dai cua dai bang tong thanh phan, con chieu rong toi thieu cua dai 
se bang hieu cua hai bien do thanh phan; 

- Tan so xung dong bang tan so dao dong thanh phan co bien do 1cm. 


Vice phan tich bieu do dao dong gom ba thanh phan se khong phirc tap, neu thanh 
phan co tan so cao duoc dao dong tren nen tong cua hai dao dong co tan so thap. 

Khao sat dao dong thanh phan (a) trinh bay tren hinh 5.23 theo phircmg phap dirdng 
bao, ta thay: dirdng bao !a tong cua hai dao dong thanh phan co tan so thap; bieu d6 (c) 
the hicn dao dong thanh phan co tan so cao voi gia tri bien do (a). 
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Hinh 5.23. Bieu do dao dong bo thank p/uin Hinh 5.24. Bieu do dao dong ha thank phdn 
a) Dating cong dao dong; a) Dating cong dao dong; 

b) Thanh phdn dao dong tan so thtip; b) Thanh phdn dao dong tan so t oo ; 

c) Thanh phdn dao dong tan so t oo; c) Thanh phdn dao dong tan so thap; 

Tren hinh 5.24 cho bi£u do cua loai dao dong 3 thanh ph£n khac, trong do tan so cua 
mot thanh phan dao dong rat th£p so vbi hai thanh ph£n kia bang phuong phap dirbng 
bao se xac dinh dupe chu ky cua dao dong tdng hop la AA'; dudng (b) la dao dong t6ng 
cua hai thanh ph3n co t3n so cao va duemg (c) la dao dong cua thanh ph5n co tan so thap. 

Khi ph^n tfch cac bieu do co s 6 dao dong thanh ph<in 16n hon 3, dung phuong phap 
do thi se khong hieu qua. Khi do, de xac dinh cac tham so (chu ky, tan so, goc pha...) 
nen dung bien phap phan tfch di6u hoa tren co so sir dung cong cu phuong phap so hay 
cac may phan tich chuyen dung. 

5.6.4. Phan tfch bieu do dao dong cua qua trinh xung 

Khi xu ly bieu do dao dong cua qua trinh xung thudng chi han che b mot so tham so 
co ban. Tren hinh 5.25 bieu dien cac dudng cong dac trung cho nhung qua trinh xung 
dong khac nhau. Hinh (5.25a) la dang don gian nhat; hinh (5.25b,c) la cac dang to hop 
va cup'i cung la qua trinh xung dong co chu ky th^ hien tren hinh (5.25d) 



Hinh 5.25. Cat bieu do dao dong cua qua trinh xung 
a. Dang dan gidn; b,c) Cac dang dao dong to hap; d) Dang dac tnfng chu ky 
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Tham so quan trong trong cac dao dong nay la gia tri dinh (x n ) cua dai luqng khao 
sat, dupe xac dinh nhu gia tri 16n nhat cua qua trinh xung (hinh 5.28a) 

5.6.5. Phuong phap chuyen doi tur chuyen vi thanh gia toe va ngugc lai 


Mot bai toan thuc te thuong gap la khi do dao dong cua cac cau treo nhip lorn hang 
tram met va cao hang chuc met so veri mat nude nhu atu My Thuan, chung ta chi co the 
do duqc gia toe ma khong do duqc chuyen vi va bien do dao dong. Khi do phai sir dung 
cac quan he toan hoc de phan tich suy diln ket qua do bdi vi chuyen vi, toe do va gia toe 
phu thuoc nhau qua cac lien he toan hoc vi phan. Di6u kho nhat b day la xac dinh 2 h^ng 
so tich phan khi phai tich phSn 2 lan. 


Cong viec chuyen doi co the thuc hien tren cac bidu do dao dong, b^ng phuomg phap 
xu ly phan tich hay do true tiep bang cac dung cu do gia toe. 

Truong hop chuyen doi don gian nhat la cac dao dong dieu hoa co bidn do a va tan so 
o), co phuong trinh: 


y = asincot (5.25) 

Chuyen doi tu bien do do ddn gia toe cue dai co the thuc hien rat don gian, phuong 
trinh xac dinh gia toe co dang: 


y = -a co 2 sincot 


(5.26) 


Noi chung, gia tOC Cling CO the xac djnh tren co so cac tham so do duqc trong bieu d6 
ghi rung dong cua ket cau c6ng trinh 

Nhu da biet, bidu thuc chu ky dao dong cua phfin tu kfi't cau co dang: 


T = 2ti 



(5.27) 


trong do: 

T - chu ky dao dong; 

A - bien do cue dai; 
y - gia toe cua ke't ca'u. 

Tu do, co the xac djnh gia tri gia toe cua phan tu ket cau bang: 


y = 


47t 2 A 

T 2 


= 47tAf 2 


(5.28) 


trong do: f - tan so dao dong cua ket cau. 

Tat ca nhung dai luqng trong cong thuc (5.26) va (5.27) d6u phai xac dinh tren bieu 
do ghi dao dong. Do do, tai m6i vi tri can xac dinh gia toe, khi thi nghiem phai bo tri 
mot dung cu do rung dong de’ ghi bi6u d6. 
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5.7. DANH GlA TRANG THAI CUA CONG TRINH TREN CO S6 KET QUA THI 
NGHIEM lAl TRONG RUNG DONG 


Sir so sanh giCra cac gia trj xac dinh bang thuc nghidm cua tham so dong (tSri s6 dao 
dong, gia tri cua chuydn vi, do vong...) vdi nhung gia trj tuong ting xac dinh bang ly 
thuyet trong didu kien tmh toan vdi cac chi tidu thuc te cua ddi tirpng khao sat la su danh 
gia dfiy du nhat trang thai va kha nang lam vide cua ddi tuong do. 

Do bdn cua doi tuong khao sat chi co the dam bao vdi didu kien: ket qua xac dinh 
bang thuc nghiem cac gia tri irng suat - bien dang cua dd'i tuong dupe tien hanh tren co 
so trang thai bat loi nhat cho doi tuong, sc khdng vupt qua cac gia tri cho phep cua 
cudng do va chuyen vj. T£n so dao dong tu do duoc xac dinh bang thuc nghiem cua cac 
phan tu ket cau hay cong trinh la yeu to quan trong dd’ lam chinh xac cac yeu cau cua 
che do khai thac edng trinh (nhu vide chon may moc, quy dinh toe do chuyen dong cua 
tai trong tren cong trinh ...), de ngan ngda kha nang cong hucmg. Trudng hop dac biet, 
neu khong tranh dupe su xuat hidn cua cong hucmg thi tren co so nhung so lieu co dupe 
ve tan so dao dong rieng cua cong trinh, tidn hanh thidt kd' va xdy dung nhung bien phap 
ngan ngira edn thiet. 


Cuoi cung, doi vdi nhung cong trinh lam vide dudi tac dung cua nguyen nhfin gay 
rung dong, sau nhung khoang thdi gian xac djnh ndn tien hanh kiem tra thir rung dong. 
So sanh cac dac trung dong nhan dupe qua nhung l<in kiem tra (nhu su giam t£n so dao 
ddng ridng cua phan tut kd't cdu hay tren tdng the cong trinh, su tang nhanh do tat dan 
cua dao dong hoac su thay d6i hinh dang cua dinh edng hudng...), se cho phep danh gia 
tdng the su thay ddi trang thai cua edng (trinh. Nhung kiem tra thir rung do la cSn thiet 
doi vdi cac edng trinh chiu tac dung rung dong va hoan toan khdng anh hudng den didu 
kien va trang thai lam vide cua cong tririh, dong thdi cung khdng ton nhidu cong sire va 
thdi gian thi nghiem. 
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Chuong 6 

PHITONG PHAP SIEU AM PHUC VU CHAN DOAN 


6.1. GICH THIEU VE SIEU AM BETONG 


Thu nghiem belong bang sieu am da dirge ap dung tai nhidu nude qua nhidu nam, 
trong cac phong thi nghiem, cac xudng due cac cau kien cung nhu hien trudng. 

Nguyen ly chung la do van toe cua song sieu am bang each xac dinh thdi gian truyen 
song tu dau phat (chuyen doi tu xung dien kfch thich sang dao ddng co co tSn s6 cao 
hem tan so am) den dau thu (chuyen doi tur dao dong co sang xung dien) trong betong. 
Van toe truyen nay la ham cua thanh phan cap phoi do chat, ham luong mdc, tudi... cua 
bCtong. Tu do co thd tao ra phep do v£ dd cung dan h6i, do chat, cac chi so v6 chat luong 
cua betong. 

Ky thuat sieu am betong hoan toan khac vdi sieu am kim loai. Xong tan s 6 cao dung 
trong kim loai suy giam nhanh trong betdng do su tan xa d vung bien giira cac pha cbt 
lidu va 16 r6ng. Mat khac, n6u trong belong co kliuydl lilt ldn (16 r6ng hay hang h6c) se 
lam thay doi dudng truydn song tu dau phat den dau thu hoac lam ma't hoan toan tin hieu 
nhan. Su thay doi nay trong mot so trudng hop lai cho nhung th6ng tin sai ve chat luong 
cua betong. 


6.2. PHAM VI AP DUNG 

Phep do van toe truy6n xung cua sieu am trong betdng (do khoang thdi gian truyen 
giua dSu phat va dau thu) co th£ duoc ap dung: 

a) Xac dinh do ddng nha't betdng trong hoac giua cac ca'u kien. 

b) Xac dinh sir hien co hoac do md rong cua vet nut, do rdng va khuyet tat. 

c) Xac dinh su bien doi cac tinh chat (cudng do...) theo thdi gian. 

d) Xac dinh moi tuong quan giua toe do truyen xung sieu am va cudng do cua betdng. 

e) Xac dinh modun dan hoi va he so bien dang ngang dong cua betdng. 

Toe do lan truydn cua xung sieu am phu thuoc vao cac dac tinh cua betdng (do cung 
dan hdi, cudng do co hoc, do chat...). Toe do nay thay doi theo cac phuong khac nhau 
trong betdng se phan anh su khac nhau v6 trang thai cua betdng. Khi vung co Id rdng, 
xdp hoac cudng do yeu thi van td'c truydn bi suy giam (do dudng truydn thay d6i giQa 
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diiu phat va dau thu). Neu tien hanh cac phep do trong cac khoang thdi gian khac nhau 
co the thdy sir bien doi chat lupng cua betong theo thdi gian. 

Mot iru diem cua phep thir bdtong bang sieu am so vdi phirong phap due mSu lap 
phuong hoac tru de thir nen hoac dam chiu udn la true tiep tien hanh tren ket cdu that. 
Qua cac cong thurc kinh nghipm co the! thie! lap dupe moi quan hp giua van tdc truyen 
xung vdi modun dan hdi tlnh hoac dong va cudng do betdng con phu thuoc vao mot so 
nhan to sau: loai ximang, ham lirpng ximang, chat phu gia, loai va ki'ch co cac thanh 
phan cdt lieu, didr kipn bao dudng va tuoi cua betong. 

Doi vdi betong co cudng do Ion hon 60 MPa can phai liru y khi tfnh toan md'i quan he 
giua van toe truydn xung vdi gia tri cudng dp hoac cac thuoc tfnh dan h6i. 


6.3. NGUYEN LY 


Mot xung didn chuye’n thanh dao dong tCr dau phat tiep xuc vdi bl mat betong cua 
mhu thu, truydn qua doan dudng tir dau phat den dau thu da bid't trong bdtong dupe 
nghich dao thanh tin hieu dien d dau thu. Chuyen mach didn trd va bo dem thdi gian xac 
dinh thdi gian truydn T cua dao dong tir dau phat den dtiu thu. 

Toe do truydn xune V (km/s hoac m/s) dupe tfnh bang: 



T 


trong do: 

L - chidu dai ludng truydn. 

T - thdi gian do dupe khi xung truydn qua chidu dai L. 

Xung sieu am sir dung khac vdi xung tan so am bdi 2 ly do: 

+ Xung co sYn doc. 

+ Nang lupng ldn nhat theo phuong truyen xung. 

Khi xung truydn tir dau phat vao betdng mot phan bi phan xa (dpi lai) tir bien cua cac 
loai vat lieu khac nhau trong betdng, phan khac nhidm xa thanh cac song ung suai doc 
(nen) va ngang (cat) truydn trong betdng. 

De xac dinh cudng dp betdng trong ket cau co the dung may sieu am tao ra song sieu 
am va do to'c dp truydn song. Tir toe dp nay ra cudng dp betdng R. Song sieu am dupe 
lan truydn theo hudng doc va theo hudng ngang. To'c dp truydn song la ham so phu 
thuoc vao dp dan hdi, mat dp va dang hinh hoc theo hudng doc va theo hudng ngang cua 
ket cau. 

Luc thi nghiem betdng bang sieu am phai xet dupe moi yeu td' anh hudng dd'n dp 
truyen song va quan he giua no vdi cudng dp betdng R (dac tfnh cua cdt lieu, ham lupng 
cdt lieu trong betdng, cong nghe che tao betong,nhiet dp, su bo tri cdt thep v.v...). Muon 
vay phai lap ra cac do thi chuain the hien quan he gida toe dp truydn song sieu am va 
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cirang do pha huy nen miu thu betong trong phong thi nghiem. Sau do suf dung d6 thi 
nay dd suy dien cac kd't qua do a ngoai hien trudng. Nhu v&y do chfnh xac do dac 
phu thuoc do chfnh xac cua viec lap do thi chuan, m5u thu bdtong cua c£u se tfnh 
theo cong thuc: 


Rc - R cl 


/ \ 4 
V„ 


V v cl J 


trong do: 

R cl - cuong do betong cua mSu thu nen vet, mSu nay duoc la'y ra tir ket ca'u thuc. 

v c va v c] - toe dd truyen song sieu am trong betdng cua ket cau thuc va trong 
mau betong thu sieu am roi thu cho den nen va. 

Ngudi ta con dua ra them cac he sd hieu chinh thuc nghiem dd xet ddn cac anh huong 
khac. Noi chung sai so cua phuang phap sieu am do cuong dd betong vao cd 10%. 


6.4. THIET BI DO 


Thiet bi do gom: Bd phat xung, cap chuyen ddi (dau phat va d£u thu), bd khud'ch dai, 
bd chuydn mach dien tu va do (dd'm) thdi gian truydn, bo ngudn, hien thi duoc didn ta 
theo so dd hinh 6.1. 



Hinh 6.1. So do khoi cua may sieu dm do cUcnig do betong 
1 -Bo phat .xung tan so cao; 2- Bo phat chinh ; 3- Khoi quel chd; 4- Khoi do thdi gian; 
5- Bo hien song; 6- Thong chia; 7- Bo khuech dai; 8- Cd'u kien BTCT can do cudng do; 

9- Dau dd thu; 10- Ddu dd phat. 
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/ 


Thiet bi do phai dam bao mot s 6 yeu crtu sau: 

a) Doc dirge thai gian truydn T theo chi^u dai L lur 100mm den 3 m v6i do chinh xac 
la 1%. 

b) Bo phat xung tao cac xung co suon khong 1dm horn 1/4 chu ky ridng cua xung sidu 
am phat ra tir dau phat. 

c) Khoang thai gian giua cac xung kich thich tijf b6 phat xung 1dm hem thai gian 
truydn T. 

d) On dinh vai cac dao dong nhiet, nguon cung cAp va cac yeu to bien d6i cua 
mdi trirdmg. 

Co rat nhieu loai may sidu Am khac nhau do cac hang nu6c ngoai san xuAt dang dirge 
dung a Viet Nam. Nguyen ly chung cua chung dugc ve trdn hinh 6.1. 

Cac xung dien dugc phat ra tir may phat cao tan kfch dong 1, truyen dinh ky len dau 
do phat 10 dd truyen vao be mat ket cau betong hay BTCT. Dong thai mot tin hieu dien 
tir dugc dua vao k ioi quet cha 3 r6i gtri den ong tia dien tir. Khi song sieu am tir dau do 
phat 10 di qua bd ong den dau do thu 9, no tao ra tin hieu dien bien d6i de giri den b6 
khuech dai 7, sau 16 tin hieu di den ong tia dien tir lam lech tia dien tir theo huang thang 
dung. Thbi diem phat song sieu am a dSu phat 10 va th6i diem nhan dinh nhgn trdn 
ducrng bidu didn f ^en man anh cua ong tia dien tir 5. 

Khoang each giua cac dinh nhgn theo m6t ty le xfch da quy dinh sSn se tuomg umg vai 
khoang thai gian t ma xung di qua vat the bet6ng. Nha khoi 4 ma trdn man anh co thSiy 
thang chia khoang thai gian 6, theo do ta bid't dugc thai gian t. Can cii tri so t va do d^y 
vat thd betong chung ta xac dinh dugc toe d6 truydn song sieu am v = l/t. Tir do suy ra 
cucmg do betong dua vao do thj churin cua may. Noi chung cac may sieu am hien dai 
con co nhidu b6 phan khac dc dd do, dd mang di c6ng truang va tang d6 chinh xac. Co 
the do cac ket cau Jay tir 0,1 m den 12m. 

6.5. CAC PHUONG PHAP TRUYEN VA NHAN XUNG SIEU AM 


6.5.1. Cach bo tri dau phat thu (nhan) xung sieu am 

Dau thu phat hien tin hieu xung sieu am den soma nhSt, thong thudmg la bien truac 
ciia dao dong dgc. Tuy viec thu nang lugng, truyen Ion nhat theo phuang vuong goc vai 
bd mat cua dau phat, no vAn co the’ nh$n ra nhung xung khac theo cac phuang. Vi vay, 
viec do vAn toe xung co the dat dau thu, phat theo cac each sau: 

a) Hai mat doi dien (truydn true tiep) (hinh 6.2a) 

b) Hai mat lidn kd (truydn ban true tiep) (hinh 6.2b) 

c) Trdn ciing mot mat (truydn bd mat hay gian tiep) (hinh 6.2c) 

Doi khi can thiet dat dau phat va dau thu trdn cac mat doi dien nhung khong true tiep 
doi dien giira dau phat va thu, each b6' tri nhu vay dugc xem nhu truydn ban true tiep. 
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Hinh 6.2 


6.5.2. Dac diem cua cac c i:h bo tri dau phat thu 

a) Truydn true tiep: Bai ky trudmg hop nao ndn b<5 tri truydn true tiep vi vide truydn 
nang lucmg dat hieu qua ti i da va do chinh xac ciia v$n toe do dupe dam bao trdn co so 
do chinh xac chidu dai d ’’Png truyen (tir bd mat dau phat den bd mat cua d4u thu). 





b) Truybn ban true tiep: co db nhay trung gian giua 2 each bo trf, trong viec xac dinh 
chmh xac chilu dai dubng truyln co thd giam song van du db chmh xac c^n thi6t. 

c) Truyen gian tie'p: viec truyen gian tiep su dung khi chi co rnot mat betbng tib'p can 
duqc. Cach truyen nay su dung khi c£n xac dinh chi^u sau v6't nut mat hoac khi xac dinh 
chat luemg be mat betbng lien quan tbi chat luqng chung cua cau kien. Cach bo trf nay 
co db nhay kern nhat 2% den 3% bien db va do on dinh th^'p horn so vbi truyen true tiep. 
D6 khac phuc su khbng chmh xac cua chieu dai dubng truyen ngubi ta thubng co dinh 
dSu phat va di chuy&i ddu thu b cac khoang each bang nhau theo mot phuomg. 

6.5.3. Tiep xuc gifla dau phat, thu vbi be mat betong 

Trubc het phai gia cbng that nhSn be mat betong mot so trubng hop phai trat them lbp 
keo epoxy cung hoac vua de lam phang. Khi ap cac dau thu, dau phat c£n bbi them mot 
lbp mo mong de giam trb am. Can tie'n hanh doc lap lai so do thoi gian truyen cho tbi 
khi xac djnh duqc gia tri nho nha't. 

6.6. CAC YEU TO ANH HUONG T6l PHEP DO VAN TOC XUNC, SIEU AM 


6.6.1. Db am va nhiet do cua betong 

Do am cua betbng anh hubng tbi van toe bao g6m 2 loai: hoa hoc va vat ly. Van toe 
truyen giOa m§u va ca'u kien cung due theo mot loai betbng co the khac nhau dang ke\ 
Da phan nhung trubng hop khac nhau la do dieu kien bao dubng va qua trinh hydrat hoa 
cua xi mang. 

Mot so truong hop khac do ton dong nubc trong cac lb rbng. Sir bien d<Si nhiet do cua 
betbng gitfa 100°C va 300°C da duqc xac nhan la anh hubng khbng dang ke den cubng 
do va cac dac tfnh dan h6i cua betbng. Viec hieu chinh cac phep do van toe xung chi 
thuc hien doi vbi nhiet do n4m ngoai pham vi nay nhu cho trong bang sau: 


Nhiet db 

(°C) 

Hieu chinh van toe xung do (%) 

Be tong khb 

Be tbng bao hoa nubc 

60 

+5 

+4 

40 

+2 

+ 1,7 

20 

0 

0 

0 

-0,5 

i 

-4 

- 05 

-7,5 


6.6.2. Chieu dai duong truyen 


Chieu dai dubng truyen cua van icc xung phai Ju Ion d£ khbng bj anh hubng do ban 
chat hbn tap cua betbng. Chieu dai tbi thu u phai la 100mm doi vbi betbng co ki'ch thubc 
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toi da la 20mm va 150mm doi vdi tCr 20mm - 40mm. Van tdc xung noi chung khong bi 
anh hudng do thay doi chidu dai dudng truyen, tuy thuc te xung co t£n s 6 cao bj giam 
nhidu hon tan so tha'p. Sir thay doi nay thudng nho va nam trong pham vi cho phep. 

6.6.3. Hinh dang va kich thirdc cua mdu 


Van tdc truydn cua cac xung dao dong ngan thi khong phu thupc vao kich thudc va 
hinh dang cua miu. Neu mot mat ben nho hon gia tri toi thidu, van toe truydn cua xung 
giam dang kd, muc dp giam phu thuoc vao ti le dp dai cua xung dao dpng va kich thuac 
mat ben nho nha't cua mlu, su thay doi khong Ion khi ti Id nay nho hern don vi. Anh 
buemg cua kich thude den van tdc truyen xung dao dpng dupe cho trong bang: 


T^n so ddu phat, 
ddu thu (kHz) 

Van tdc xung truydn trong betOng (km/s) 

in 

rn 

II 

U 

> 

_ 

VC = 4,0 

VC = 4,5 

Kich thuoc mat ben cua nriu cho phep nho nha't (mm) 

24 

146 

167 

188 

54 

65 

74 

83 

82 

43 

49 

55 

150 

23 

27 

30 


6.6.4. Anh hudrig cua cot thep 


Van tdc xung truydn trong BTCT tai cac vUng lan can cua thep thircmg cao hon trong 
betong khong co cPt thep. Van tdc truydn xung trong thep ldn khoang gap 2 l^n trong 
betong va dan ddn xung nhan a ddu thu co the mot ph^n truydn trong betong va mot 
phan truydn trong thep; sir tang ldn cua van tdc truydn xung phu thupc vao vi tri, so' 
lupng, dirtng kinh cua cac cd't thep trong khu vuc truyen xung sidu am. Vi vpy, de co 
cac ket qua do chinh xac, trude het phai xac dinh vi tri, s 6 lupng va dudng kinh cua cd't 
thep trong betong. Tir do co the tranh cac vi tri cot thep de dam bao phep do la chinh 
xac, neu khong tranh dupe can phai dua vao he so dieu chinh. 

6.6.4.1. True cua cot thep song song vai phuemg truyen 


Neu co the tranh dupe thi nen tranh thuc hien cac gia tri do van tdc truydn xung 
duoc hieu cliinh, phep hieu chinh phu thupc vao khoang each giua dudng truydn va 
canh cua cd't thep gPn nhat, dudng kinh thanh thep va van tdc cua xung truydn trong 
bdtong bao quanh. 


VC = 


2aV v 

y4a ! +(TV s -L) f 


trong do: 

\ C - van toe truydn xung trong betong (km/s) 
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VS - van t6c truydn xung trong thep (km/s) 

A - khoang each tur bd mat c6't thep tori diromg ndi 
ngan nhat giQa dau phat va dau thu. 

T - la thcri gian truydn xung (ps) 

L - la chi8u dai cua ducmg truydn tit d5u phat 
dd'n d£u thu. 


Neu ti s6 
1 


(V s -V c ) 


a 

L > 2]j(V s + V c ) 


V S >V C 


L 



o'. p ■. o . a o . . q 



Hinh 6.4 


thi c6ng thuc trdn kh6ng c£n sir dung. 

Kho khan trong vide ap dung la xac dinh gia tri V s vi no phu thu6c vao duomg kfnh 
thanh va van tdc truydn xung trong phSn betdng bao boc xung quanh c6t thep. Co mot 
each xac dinh gia tri nay bang each truy8n xung doc theo true cua thanh thep gdn vao va 
giam bat lap bdtdng boc d mdt d5u thanh, edng thurc trdn co th£ duac thay: 

V c = k.V m 


trong do: 

V m - van t6c truydn xung da do (km/s) 


k - he s6 didu chinh duac tmh k = 8 + 2—Vl - § 2 

L* 

8 = — 

V s 

Cac gia tri 8 duac cho theo bidu d6 d hinh trdn g6m nhung gia tri cua V c va dudng 
kfnh thep tuemg ung vdi d5u phat co t£n s 6 54 kHz. Cac gia tri 8 thu duac theo V c gia 
dinh dung d£ xac dinh hd s 6 k cho trdn hinh va sur dung: 

V c = k.V m . £>8 co gia tri chmh xac cua V c c3n phai lap lai each tmh nhidu 13n. 



Hinh 6.5 
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Cac phirang trinh tren chi dung khi a Ion han 2 15n chidu day lap phu bdtbng ddu c6't 
thep. Doi vdi cac cot thep n&m ngang tren duong truydn he s 6 k duac la'y nhtr sau: 

L, 

k= 1 - -5-0-5) 

L 

trong do: L s - chidu dai cua cd't thep. 

Gia tri tinh toan V c co the dat dd chinh xac trong khoang ±3% vdi didu kidn giira thep 
va betong co lien ket tot va khdng co vet not nOm trong vimg bdtdng dang thOr. 

6.6.42. True cua cac cot thep vuong goc v&i phuffng truyen xung 

V C 

5 0 (km/s) 

4.5 

4.0 

3.5 
3.0 

10 20 30 40 50 

Hinh 6.6 



Thirc te khi cac dau phat, thu co tan so 54 kHz, dudng kinh cot thep nho han 20mm 
co the khdng c5n xem xet vi anh hudng khdng dang kd. Ddi vdi duremg kinh tit 20mm 
den 50mm co the xem chidu dai dudng truydn trong thep (L s ) b&ng tong dudng kinh cac 
cot thep, trong trudng hap nay se giam han so vai dudng truydn song song vdi cac true, 
cac cot thep nhimg rat kho khan de danh gia mire do chinh xac cua phep do. 


6.7. GIOI THIEU QUY DINH CUA TIEU CHUAN TCXD 225 : 1998 


Trong tieu chuan TCXD 225 : 1998 hudng din tien hanh thi nghiem van toe xung 
sieu am, cac dug dung cua phep do van toe xung sieu am, each lira chon vi tri thi 
nghiem, each chuin bi va tien hanh do van toe xung cung nhtr each xu ly kdt qua do co 
ke ddn cac yeu to anh hudng va each xac dinh cudng do cung nhu cac dac trirng khac 
cua betong d hien trirdng 

Tren nidi vimg kidm tra (300cm 2 den 400cm 2 ) can tien hanh it nhi't mot phep do van 
toe xung sieu am. 
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De co dupe cuong do betdng hipn truong quy vP m&u lap phuong tren co so van toe 
xung sieu am da do dupe can xay dung mdi quan he giua V va R goi la duong chuPn V-R. 

trong do: 

R - cudng do mlu lap phuong ti6u chuan cua ca'p phdi bdtong cu thP da dung dp xay 
dung edng trinh. 

V - van tdc xung sieu am do dupe tren mSu. 

Cach xay dung duomg chuPn V-R dupe cho trong phu luc B tieu chuPn TCXD 
225 : 1998. 


Dp chmh xac cua cudng dp betdng hipn trudng quy vP mau lap phuong phu thupc chu 
yeu vao dd chuPn xac cua quan he V-R ma khdng phu thupc nhiPu vao so lupng ket qua 
thi nghiem. Neu dp am cua betdng hien trudng khac vdi dp am cua man khi xay 
dung duong chuctn V-R thi cudng dp lap phuong hien truong phai dupe diPu chinh cho 
phu hop (xem TCXD 225:1998). 


Cudng dp betdng hipn trudng quy vp mSu lap phuong dupe xac dinh bang phuong 
phap do vpn tdc xung sieu am co sai so ndm trong pham vi ± 20% vdi diPu kien co 
dudng chuPn cho loai bdtdng dang dupe kiPm tra. 

Neu khdng co dupe duong chuPn V-R co thP kPt hop thi nghiem van tdc xung sieu 
am va mlu khoan cua c6ng trinh dP xay dung duemg chuPn V k - R k (R k - cuong dp mau 
khoan, V k - van tdc xung si6u am do d mSu khoan). Vi mdi duong chuan V k - R k nay 
chi dua tren mdt vai kdt qua m&u khoan d mot dai cudng dp hep ndn dp chmh xac cua 
cudng dp betdng hien trudng luc nay cung bi giam di. 
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Chirong 7 




MOT SO VAN DE LY THUYET CHAN DOAN CAU 


7.1. CO S6 CHAN DOAN XAC DINH MO HINH ^HUC TRANG CAU 


7.1.i. Gidi thieu chung 

Trade khi tien hanh danh gia cau, can phai biet mo hinh thirc trang cua no. Mo hinh 
thirc trang cua ctiu la so do ket cau va tiet didn co tmh den nhCmg hu hong suy thoai cua 
vat lieu va cac suy giam ket cau cua chung. Cac hu hong suy thoai cua vat lieu bao gom 
cac hu hong khuyet tat be mat co the phat hien khi kiem tra true tiep tai hien trudng. Cac 
hu hong ben trong ket cau hoac suy thoai cac dac trang vat lieu co the phat hien bang 
cac phuong phap NDT. Cac suy thoai ket cau co the duoc nhan biet qua danh gia cac 
trang thai co hoc nhan dupe khi thd tai d hien trudng. 

Nhiem vu cua chain doan edng trinh cau la can cd tCr cac so lieu trong ho so cong 
trinh (neu co), cac so li6u kiem tra, thd tai d hi6n trudng de xac dinh mo hinh thac trang 
cua cSu va td mo hinh thac trang do tien hanh cac danh gia d mdc dd cao hon nha xac 
dinh kha nang chiu lire, do tin c$y, tuoi tho.. Vice xd ly ket qua kiem tra de’ x^y dimg mo 
hinh thirc trang cua cau se dupe daa tren hai cong cu chmh nha mieu ta tr6n hinh sau: 



Hinh 7.1. Mo hinh chan doan va danh gid cong trinh 
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7.1.2. Xac djnh mo hinh thuc trang vat lieu dua tren co so du lieu (CSDL) cua cau 


( SDL cua mot cong trinh cu the thuong g6m hai phln : 


Phan xhu nhat: Gom tap hop cac h6 so thiet ke', thi c6ng, hoan cong cua cong trinh, 
hd so trang thai cua c6ng trinh trade khi dua vao khai thac su dung (trang thai 0), ho so 
cac dpt kiem tra hang nam, kilm tra chi tiet, kiem tra dac biet...dua vao do co thi bid't 
dupe nhung thdng tin co ban cua cau ve qua trinh thiet ke. thi cong va khai thac. 


Phan thuhai: Gom tap hop tri thtre nhln loai trong llnh vuc chin doan c6ng trinh. Do 
la cac tri thurc vd hu hong vat lieu, vl hu hong ket clu, vd tac, ddng moi trabng, vd anh 
hudng cua cac hu hong khuye't tat dd'n su lam vide cua edng trinh ma con ngudi da bid't 
chinh xac hoac chua chinh xac...Co nhung tri thurc da dupe dua vao cac tieu chuan, quy 
trinh danh gia c6ng trinh, nhung cung co cac tri thCrc chi la cac kinh nghiem cua cac 
chuy6n gia...Tiiy theo tirng loai cong trinh (loai vat li6u, loai ket ca'u...) ma van dung cho 

phu hop. Thong thuong cac tri thuc nay thuong co ca'u true m6nh d^ IF.1HEN 

(Neu.thi) bieu di6n cac nguyen nhan va hau qua cua cac hu hong suy thoai. Vi du : 

"Neu ham lupng clo tinh theo trong lupng b6t6ng tai be mat cb't thep vupt qua 0,06% thi 
c6't thep co the bi gi”. 


Mot hu hong co thi do nhilu nguydn nh3n khac nhau gay ra va no cung co the gay ra 
nhilu hau qua khac nhau d6'i vdi clu. Viec xay dung m6 hinh thuc trang cua can BTCT 
dua tren CSDL mang tinh bat djnh ra't Idn. Ngay doi vdi mot hu hong, hau qua va anh 
hudng cua no den cong trinh clu nhu the nao con phu thuoc vao cac chuyen gia danh 
gia. Thuc ra vise tap hop xay dung va cap nhat dupe mot CSDL de danh gia mot loai 
cong trinh nao do cln rat nhilu edng sue cua cac chuyen gia trong linh vuc chan doan. 
Mot trong nhung hudng phat trien hien nay ap dung 3y thuydt tap md (fuzzy set theory) 
va xay dung cac he chuyen gia chin doan dua tren cac suy luan logic md. 


7.1.3. Xac dinh md hinh thuc trang ket cau cua cau nhd ly thuyet nhan dang he co hoc 

Co the xac dinh mo hinh thuc trang ket ca'u nhd ly thuyet nhan dang he co hoc. Ban 
dau ly thuyet nhan dang he thd'ng dupe su dung de giai cac bai toan nhan dang cua ly 
thuyet dieu khien, md phong. Hien nay ly thuyet nay dupe ap dung trong chin doan 
edng trinh. Xct mot each tong quat, ly thuyet nhan dang he thd'ng nhlm x.i) dung lai 
md hinh thuc cua mot he thd'ng dua vao phan ung cua hd dudi mot nhom cac tac dong 
nao do. 


Doi vdi cac he co hoc, khi cho md hinh cua hd (dac trang hinh hoc, vat lieu...) va tai 
trong tac dong cln di tim cac bien trang thai (chuydn vi, bid'n dang, ung suat, cac dac 
trung dao dong...) do la bai toan thu3n hay bai toan thiet ke. Ngupc lai khi biet cac bien 
trang thai va tai trong tac dong cln phai tim md hinh cua he, do la bai toan ngupc hay 
bai toan chan doan. Trong thuc te' cung hay gap bai toan ngupc mot phln, co nghia la co 
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the biet nude dupe mot so cac bien trang thai va can xac dinh mot phan mo hinh cua he 
(con cac phan kia da biet). 

Ly thuyet nhan dang he ca hoc thuc chat la cac phuong phap giai cac bai toan 
ngupc trong ca hoc. Ly thuyet nay da dupe urng dung trong bai toan danh gia dd an 
toan ket cau. 

Dac diem cua bai toan chan doan la : 

- Thieit thong tin : So lupng cac bien trang thai do duac thudng rat nho so vdi so bien 
trang thai can co de’ giai. Co nhfrng thong tin rat kho co the: do dupe trong thuc te (thi du 
nhu cac chuyein vi goc gay bien dang xoan tai cac nut). 

- Cac thong tin co duo'c Id khong chinh xdc do sai so trong khi do, do sai so cua cac 
thiPt bi do hoac cac nhilu khong the tranh dupe. 

- Bdi toan co the da tri va phai co tieu chuan lua chon nghiein phu hop. 

Co nhicu phuong phap d6 giai bai toan chan doan, trong do co phuong phap giai li6n 
tiep bar toan thuan va phuong phap giai bai toan quan he phi tuyen. 

PInterng phap giai lien tiep bdi toan thuan : 

Phuong phap nay thuong ap dung trong bai toan chan doan ngupc m6t phan khi dieu 
kien thong tin khong day du. Thi du nhu chan doan dac trung vat lieu theo so lieu do 
chuyen vi. Y tuong chinh cua phuong phap la xa'p xi mo hinh vdi so lieu do dac, so sanh 
va rut ra ket luan DC chan doan theo phuong phap nay cln can sir dung cac phan m6m 
phftn tfch ket cau nhu mot cong cu tinh de tinh lien tiep vdi mpt loat cac gia tri cho 
trude, trong mot khoang gioi han nao do cua cac dac trung cSn tim (giai bai toan thuan). 
Sau qua trinh do tim ra dupe mot gia tri trong khoang gidi han ma no dupe coi la phu 
hop nhat vdi dac trung do. ITong thirdng can qua cac bude : 

Bitov 1 : Xac dinh thong so can chan doan U cua mo hinh (dac trung co hoc hoac dac 
trung hinh hoc). 

Bifdc 2 : Xac dinh thong so trang thai can do dac de phuc vu chan doan (chuyen vi, 
bien dang, ung suSit hoac dac trung dao dong...) W. 

Bitdc j : Chon mo hinh tinh toan dira tren ket qua kiem tra hien trudng. 

Bitdi 4 : Tien hanh do dac cac thong so trang thai de chan doan W°. 

W°- [w,°, W 2 ° . ,W°] (7.1) 


Bitov 5 : Giai bai toan : 

- Dir doan khoang gidi han cua thong so can chan doan. Rdi rac hoa thong so can 
chan doan trong khoang gidi han 

- Ditng plCm mGn phan tich ket cau de’ tinh toan vdi thong so can ch^n doan Li = Ul, 
tinh dupe cac thong so ciia he trong do co thong so W(l). 
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- Tfnh tPng binh phuong do lech giCra W, va W () : 


U={a<U, <U 2 <.<U,... 


(7.2) 

.w' 1 ’} 


(7.3) 

5f=E|w'-W»‘ 


(7.4) 


Ldn lirpt tfnh voi cac gia tri cua th6ng sP chan doan dupe roi rac hoa. 

- Tim gia tri nho nha't cua do lech quan phuomg : 

8 = min 8: (7.5) 

( i ) 


Va Us umg vPi 8s se la gia tri xa'p xi tot nhat c£n tim. 

Phuong phap nay da dupe dung de ch^n doan modun dan h6i cua betong trong mpt 
kd't cau khung khi do dupe chuy&i vi. Phuong phap nay co thuan lpi la khPng phai lap 
phuong trinh ch^n doan va tranh dupe kho khan khi giai bai toan ngupc. Nhung dp chfnh 
xac cua kd't qua ch£n doan phu thuoc vao so lupng va chat lupng cua thong tin do dac. 


Phuong phap gidi hdi todn quan he phi tuyen : 


Co th8 nhan dang cac thong s 6 chan doan bang each giai bai toan quan he phi tuyen 
vdi vi6c tim cue tiPu hoa m6t ham muc tidu dang phi tuydn - thubng la binh phuong cua 
sai sP giua mot trang thai co hoc cua he khi thir tai tai hien trubng va qua phan tfch tfnh 
toan. De tim cue tieu cua ham muc tidu noi trdn co th8 su dung cac phuong phap quy 
hoach toan hoc. Cac buoc khi ap dung phuong phap nay nhu sau : 


Budc 1 : Xac dinh cac thong sP c£n chan doan U cua mP hinh tuy theo muc dich 
nghidn curu. 

Budc 2 : Xac dinh cac thPng sP trang thai W dd phuc vu cho viec chan doan thong so U. 

Budc 3 : Do dac cac thong sP trang thai Wd o hien truong. 

Budc 4 : Xay dung cong thirc ly thuyd't tmh cac thong sP trang thai Wt. 

Budc 5 : Xay dung ham muc tidu. 

Budc 6 : Xac djnh cac ham rang buoc dang phuong trinh, dang bat phuong trinh va 
cac didu kien bien. 

Budc 7 : Dung cac phuong phap quy hoach toan hoc de giai bai toan cue tieu hoa 
ham muc tidu chju cac rang bupc trdn tim ra cac thong sP c£n chan doan Us. 


Phuong phap nay can phai lap phuong trinh ch&i doan va phai ap dung cac phuong 
phap quy hoach toan hoc d8 giai. Nhung trong nhidu iruPng hop cho kd't qua bai toan 
kha tin c£ly. 
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7.2. AP DUNG LY THU YET DO TIN CAY TRONG DANH GIA CAU 

Ly thuyet do tin cay la khoa hoc nghien ciru qua trinh thay ddi cac chi tieu chat 
Iirong cua san phiim theo thdi gian, thiet lap nhung quy luat xuat hien hu hong cua san 
phaim va nhung phuong phap dir bao chung, tim kiern nhung phuong phap de nang cao 
do tin cay cua san phaim khi thiet ke va che tao chung cung nhir cac bien phap de duy tri 
do tin cay trong bao quan va khai thac san phaim. Ban dau ly thuyet do tin c£y dirpc irng 
dung trong ky thuat dien tir, che tao may va ky thuat hang khong. Sau do dupe Png dung 
vao mdt so nganh khac, trong do co ket cau xay dung (KCXD). 

Do ddi tuong cua ly thuyet do tin c&y KCXD la cac cong trinh xay dung co dac thu 
rieng nhu viec xac dinh cac dac tnmg hong khong don gian, viec kiem tra thi nghiem 
san phaim kho khan, moi lien he giua cac yen to la cac phuong trinh vi phSn lien tuc 
hoac dupe roi rac hoa theo phuong phap phfin tir hum ban., cho nen ly thuyet do tin cay 
KCXD tro thanh mot nhanh rieng va phat trien theo mot hudng khac. V6 thuc chat, ly 
thuyet do tin cay KCXD da dupe ling dung trong KCXD tir dau the ky XX, ngay khi 
KCXD dupe thiet ke theo triet ly cua phuong phap irng suat cho phep. He so an toan cua 
irng suS't cho phep la mot khai niem da co nhung ban chat cua ly thuyet do tin cay 
KCXD. Cac phuong phap thong ke dupe img dung trong tinh toan KCXD vao khoang 
nam 1935 bbi Streletckij N. S. Nhung nghien cuu nay la co so cua phuong phap luan 
trong triet ly thiet ke theo trang thai gioi han sau nay. Vao nhung nam 1960-1970, 
Bolotin V.V. da cong bo nhung cong trinh nghien cuu ma sau nay dupe coi nhu n6n 
mong cua ly thuyet do tin cay KCXD hien dai, Rzhamcin A. R. da nghien curu anh 
huong cua su thay doi dong thdi tai trong va do ben deii tuoi tho cung nhu do tin cay cua 
ket cau theo cac so do don gian khong doi hoi nhung tinh toan qua phiic tap. Rzhanicin 
A. R. cung la ngudi da dua ra khai niem xac suat bao dam khong bi pha hoai cung nhu 
cong thuc tinh xac suat nay. 

Trong nhung nam sau ly thuyet do tin cay Kf’XD phat trien rat manh me, dac biet la 
trong nhung nam 1970-1990. Nhung nghien cuu trong thdi ky nay khong chi hoan thien 
nhung nghien cuu co ban v6 qua trinh ngiiu nhicn phuc tap mo ta tac dong thuc va phan 
img cua KCXD, ma con tap trung vao viec irng dung ly thuyet nay trong bai toan thiet ke 
toi uu theo do tin cay, trong viec xem xct cac tieu chuan va quy trinh thiet ke theo quan 
diem do tin cay, cung nhu viec chan doiin va dimh gia cong trinh dang khai thac. Trong 
cac cong trinh do tin cay cau BTCT, Chirkov V. P. da co nhung tap hpp v& cac dac 
tnmg cua cac dinh luat ngiiu nhien anh huong den kha nang khai thac cua cau BTCT d 
Lien Xo (cu). Chirkov V. P. cung da dua ra phuong phap thay the ngSu nhien lien tuc de 
xAy dimg ham mat do xac suat dong thdi cua cac dinh luat ngiu nhien va tinh do tin cay 
cua ket cau BTCT chiu keo, chiu nen, chiu uon. . 

0 phuong Tay, nhidu nha khoa hoc cung cong bo nhung nghien ciru vd ly thuyet do 
tin cay KCXD. Nhung nghien ciru nay tap trung vao tinh do tin cay cua KCXD theo 
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phucmg phap xac suat nhAm ung dung trong thirc te. Day la phucmg phap du dp chfnh 
xac va phan anh dirac ban chat xac suat nhirng khdng qua phirc tap. 

De ap dung mot each cb hieu qua ly thuyet do tin cAy KCXD trong thuc td, ngubi ta 
thudng phan ra 3 mire do de; ap dung. M\rc do 3 la miic do chfnh xac nhA't, khi do tac 
dong ten KCXD va phan ung cua no la cac qua trinh ngAu nhien khdng dung. Mire do 2 
xem xet tac dong len KCXD va phan ung cua no nhir cac dinh luat ngAu nhien hay con 
dupe goi la phucmg phap xac suat. Muc do 1 danh gia cac tac ddng va cac phan ung cua 
ket cau qua cac he so tin cay hay con dupe goi la phucmg phap ban xac suat va day la co 
so de xay dung cac tieu chuan danh gia cona trinh hien nay. 

Trong nhung nam gftn day cac nghien cuu tap trung vao viec ap dung ly thuyet do tin 
c|ty trong thiet ke KCXD va mot so nude da xay dung cac tieu chuan thiet kd theo triet 
ly cua ly thuyet do tin cAy Di6n hinh la Tieu chuan AASHTO L^FD 98 cua My ban 
hanh nam 1998 Mot trong nhung va'n d4 dupe quan tam hi6n nay la cac tieu chuan danh 
gia do an loan cua ket cau dang khai thac theo ly thuyet dd tin cAy. Allen D. D. da dua 
ra cac tieu chuan danh gia dua tren chi s6 do tin cAy danh gia |3e ap dung d Canada. 

7.2.1. Ap dung tin hoc trong chain doan va danh gia cau BTCT 


7.2.1.1. Gioi thieu chung 


Cung nhu cac chuyen nganh ky thuAt khac, tin hoc cung dupe ap dung rong rai trong 
chain doan va danh gia cong trinh cung nhu chAin doan va danh gia cau BTCT. Nhung 
hudng nghien cun ap dung tin hoc trong chAn doan va danh gia cong trinh g6m : 


- XAy dung c ;ic chuomg trinh danh gia cho tung loai ket cau rieng : Do moi loai cong 
trinh thudng cd cac dac dieim rieng ve ket cau, vat lieu cho nen viec xAy dung cac 
chuong trinh danh gia cho tung loai kei cAu rieng thudng hay dupe tien hanh. Cac 
chuomg trinh nay thirdng la cac chucmg trinh ket hpp chat che giua cac ket qua nghien 
cuu cua ly thuyet nhan dang he thong, ly tlmyet dp tin cay, ly thuyet phAn tfch ket cA'u va 
ky thuat lap trinh 


- Su dung cat phAn m£m phan tfch ket cau san co de M tfnh toan lai " ket cau co xet 
den cac hu hong thirc te. Ngoai ra cd the sir dung cac phAn mem phan tfch ket cau dd 
giai cac bai toan thuan trong phucmg phap lap, hoac ket hpp vdi cac phAn mdm cap cao 
dc danh gia. 


7.2.1.2. Lap ede chuong tnnh may tinh de chan doan va danh gia 


Do dac thu rieng cua chan doan va danh gia cong trinh, cac chircmg trinh chAn doan 
va danh gia thirdng dupe xa\ dung cho tung loai ket cA'u rieng biet. 

Tai Nhat Ban da cd nhidu chucmg trinh chan doan va danh gia cAu BTCT da duoc 
cong bo . Day la cac chucmg trinh danh gia cau dupe xAy dung vao nhung nam 90. 
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Trong chuang trinh irng dung nhieu cac ket qua cua tin hoc va cac ket qua mdi nhat 
trong nghien cuu danh gia ket cau d Nhat Ban. Trong chuang trinh do da sir dung cac ket 
qua do dao dong (tain so dao dong rieng va dang rieng) de tim chain doan do cung cua 
ket cau nhip cau. Viec nghien cuu ly thuyet ket hop vdi (hue nghiem pha huy true tiep 
cong trinh d6 kie’rn chdng cac ket qua ly thuyet. 

Trong cac chuang trinh danh gia ket cau da cong bo d My co mot so chuang trinh vi 
danh gia ctiu, nhu chuang trinh cua Truong Dai hoc Tdng hap Florida. Chuang trinh nay 
bao gdm mot so modun nhu modun nhap thong tin ve cac dir lieu cua cau can danh gia 
(dua tren cac ket qua kiSm tra hien trudng), modun phan tich ket cau cau theo mo hinh 
mang ludi dam (grillage), modun danh gia kha nang khai thac cua cau theo Tieu chuan 
danh gia cau cua AASHTO. Ket qua cua chuang trinh la he so danh gia RF (Rating 
Factor) cho noi lire (momen va lire cat) cua cac mat cat bai ky. Chuang trinh da duqc 
dung de danh gia toan bo cac cau tren mang ludi dudng quoc gia ciia bang Florida. 

7.2.13. Su dung cac chuang trinh phan tich ket can 

Viec phan tich ket cau phuc vu cong tac nghien cuu, thiet ke, ki6m tra, danh gia ket 
cau cong trinh la mot cong viec phuc tap kho khan va doi hoi nhidu cong sue cua cac 
chuyen gia trong lTnh vuc nay. Cung vdi su phat trien manh me cua cac ly thuyet vi vat 
lieu, vi phuofng phap tinh va v6 cac phuang phap phan tich ket cau nhu phtrang phap 
phan tur hiru han, phuang phap phan u: bi6n... cong viec nay cang trd nen phuc tap vdi 
cac loai ket cau phuc tap. Chinh vi vay cac chuyen gia trong linh vuc ket cau va cac 
chuyen gia trong lTnh vuc tin hoc da cung nhau xay dung cac phan m£m phan tich ket 
cau nhu cac phan mdm SAP (Structural Analysis Program), STAAD (Structural Analysis 
And Design) cua My; LUSAS (Line Utility Structural Analysis System) cua Anh; 
STRAND cua Uc; PKPM cua Trung Quoc...Ngoai ra con co mot so phan mdm co quy 
mo nho hon nhu MICROFEAP (Microcomputer Finite Elemente Analysis Package), 
XETABS-95 ciia Floe vien ky thuat Chau A, TAT ciia Trung Quoc... Cac chuang trinh tren 
hien dang diroc sir dung trong phan tich ket cau cung nhu trong giang day va nghien cuu. 


Mot trong nhirng hudng sir dung cac phan mem phan tich ket cau d6 danh gia cong 
trinh la tinh toan lai ket cau nhu doi vdi bai toan thiet ke (as built) vdi cac thong so 
dau vao la cac ket qua kiem tra tai hien trudng (kich thude hinh hoc, cac dac trung vSt 
lieu va cac hu hong cua ket cau...). Thong thuong ket qua tinh toan theo hudng nay 
cho phep ngudi danh gia dua ra cac ket luan vi kha nang khai thac ciia ket cau tai thdi 
diem danh gia. 


Mot hudng khac la sir dung cac phttn mem phan tich ket cau de danh gia edng trinh 
va sir dung cluing nhu mot cong cu de giai hang loat cac bai toan thuan tuang ung vdi 


cac thong so dau vao duac ude luang qua ki6m tra hien trudng hoac ket qua thir tai nhu 
da trinh bay d tren. Vice xir ly cac ket qua dau ra (thudng la chuydn vi, noi lire, cac 
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thong so dao dong . ) co the) sir dung ly thuyet quy hoach toan hoc hoac theo ly thuyet 
xac suat va thong ke. Theo hudng nay can phai viet cac doan chuong trinh xu ly cac 
thong so dau v\o. sau do goi cac phan mem phan tfch ket cau de truy6n cac thong so dau 
vao cho chung va viet cac doan chuong trinh xir ly cac ket qua dau ra. 

Huong nghiPn uru thu ba trong viec sir dung cac phan m6m phan rich kdt cau la cac 
nghien ciru sir dur.g bo chuong trinh nguon (source) cua cac phan mdm phan tfch cac 
k6't cau nhu mot co? cu, ket hop voi cac ket qua cua ly thuyet nhan dang he co hoc 
trong viec cha’n dor ; va danh gia cong trinh. Nhu chung ta da biet phan ldn cac phan 
m^m phan tich kSt cau i duoc \a) dung dua tren phuong phap phan ttr huu han v6i 
phuong trinh co ban 

AX = B (7.6) 

trong do : 

A = [ a- ] la ma trail do ci'mg, 

X = [x„x 2 ,...., x n | 

T = vecto chuydn vi, 

B = [ b,, b 2 ,..., b n 1 T la vecto luc nut tuong duong. 

Cac phan tCr a : , cua ma tr$n do cung la ham cua dac trung hinh hoc va dac trung vat 
lieu cua phan tit 

Khi xel bai toan tuyen tinh, vecto luc nut tuong duong la tong cua luc phan bo tren bd 
mat ph£n tu, luc the rich, luc do chuyen vi cudng birc, luc do bien dang ban dau va do sir 
thay doi nhiet dp 

:l i, = a ,|(E 1 . V../; ) (7.7) 

b, = fj(u 0 )+ l,(a) + f, (y) + f; (e 0 ) + fj (T) (7.8) 

Trong mpt budc nao do cua bai toan chan doan, chung ta da co vecto X* (co the la 
gia tri do dac hoac gia tr; nhan duoc qua mot tinh toan trung gian nao do) va thay vao 
phuong trinh (7.6) ta co phuong trinh 

AX* = B (7.9) 

Giai phuong trinh (7.9) ta se tim duoc cac an can danh gia chua trong a l( 6 budc do. 
Nhu vay se phai sira d6i chuong trinh nguon cho phu hop. Tuy nhien hien nay cac phan 
mem phan tfch ket cau noi tren dPu a dang thuong pham, viec tim kie"m cac chuong trinh 
nguon la rat kho khan. 

72.1.4. Nhan xet 

Cac nghien ciru co ban phuc vu viec thu thap va xu ly thong tin d6 chan doan va danh 
gia cau rat dupe quan tarn. Tht du nhu cac nghien ciru ve anh hubng cita tac dong moi 
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truang den tuPi tho cua ket cau la cac nghien ciru doi hoi phai co thai gian dai va ton 
kern nhimg vAn dupe tien hanh rA't nghiem tuc. O My, chirong trinh nghien curu v6 tac 
dong xAm thuc clo trong cAu BTCT dupe tien hanh trong khoang 20 nam tren khoang 
300 cau vai tren 2000 mAu betong lay a hien truang. 


Cac nghien curu dupe tien hanh dong bo a nhidu nuac, dac biet la cac nghien cuu v6 
phuang phap thi nghiem NDT, tir nguyen ly do den che tao thiet bi va lAp chuAn. Dai 
bien dong cua cac phuang phap do dupe dua ra sau khi xu ly rA't nhidu cac ket qua thu 
dupe tur thi nghiem va thuc te, dupe tong ket va dua vao cac tieu chuan danh gia. 


Viec xu ly thong tin nhAm xac dinh mo hinh thuc trang cua cau ve vat li6u va ket cau. 

Cac hu hong khuyet tat ve vat lieu va ket cau tren cau dupe so sanh vai cac tieu chuan 
danh gia vat lieu va ket cau. Cac tieu chuan nay due ket cac tri thufc ve hu hong vat lieu 
cua tung quo'c gia. 


Viec danh gia thuang dupe tien hanh bang each "tinh toan lai" (as built) cau co ke 
den cac hu hong khuyet tat vat lieu va ket cau theo cac tieu chu^n quy trinh danh gia 
hoac thiet ke cua tung quoc gia. 


Cac phuang phap danh gia hien dai da dupe nghien curu ap dung a cac nuac co 
n4n khoa hoc va cong nghe phat trien. Viec xac dinh mo hinh thuc trang cua cPng 
trinh vd mat ket cau thuemg dua tren ly thuyet nhan dang he ca hoc. Viec danh gia 
dua tren ly thuydt do tin cay dupe quan tarn. Nhidu chuang trinh danh gia ket cau da 
dupe xay dimg. 


7.3. KHAI NIEM VE PHUONG PHAP CHAN DOAN DUA THEO CAC DAC 
TRUNG DAO DONG CUA CAU 


Cac phuang phap kiern tra, danh gia cdu dang dupe sir dung a nuac ta hien nay con 
mot so han che nhu: kho phat hien dupe hu hong a nhung bo phan an khuat hay anh 
hucmg cua vung hu hong nay den vung khac... Cung vai su phat trien cua cac ky thuat do 
va tinh loan, tir 35 nam gan dAy (dac biet la tir nhung nam 1990) tren the gicri co nhidu 
cong trinh nghien cuu va ap dung chAn doan cAu bang phuang phap dao dong dupe cong 
bo. DAy la phuang phap chan doan cong trinh thong qua cac tham so' dao dong cua no. 
Cac tham so nay la ham cua cac dac trirng vat ly, hinh hoc, so do lam viec va dieu kien 
hen ket ciia ket cau vi vay khi xac dinh dupe chiing se giup phan doan vd tinh trang ket 
cau. Phuang phap nay co thd bp sung rat hieu qua cho cac phuang phap kidm dinh cAu 
truyen thong. 

7.3.1. Bai toan chan doan cau bang phuang phap dao dong 

Bai toan chan doan ky thuat cong trinh la bai toan danh gia tinh trang cua cong trinh 
dang khai thac dua tren thong tin thu dupe qua h6 sa va ket qua khao sat do dac cong 
trinh. De giai bai toan nay phai thuc hien cac buac: 
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- Lap mo hinh toan hoc cua cong trinh. 

- Khao sat, do dac va thir nghiem cong trinh. 

- Tim kiem hu hong va xay dung mo hinh thuc trang cua cong trinh. 

Tuy theo dang cong trinh, each thu thap du lieu thirc trang cua cau ma ngirdi ta sir 
dung cac phuong phap chan doan khac nhau. Trong chan doan cau bang phuong phap 
dao dong ket cau thuong dupe mo hinh hoa bang phucmg phap ph&n tir huu han 'a khi 
do phucmg trinh chuyen dong cua cau co dang MU +CU + KU = F, Voi viec giii bai 
toan tri rieng MU + KU =0 ta se tinh dupe cac dac trimg dao dong ly thuyet, ccn khi 
khao sat do dac tren cau thi so lieu dao dong thuc nghiem se dupe xac dinh. 

Bai toan chrin doan cau bang phucmg phap dao dong dat ra la tim kiem hu hong cua 
cau va danh gia kha nang chiu tai cua cau thong qua so sanh cac dac trung dao don» tinh 
toan va thuc nghiem cua no (hoac giCra hai so lieu do dac thuc nghiem cua cau a hii thai 



ngupc va thong tin khong day du (chi co the do hay khao sat tai mot so vi tri han cle cua 
ket cau), do do viec tim lofi giai la khong dem gian. 


7.3.2. Tinh hinh nghien curu tren the gioi va a Viet Nam 


Cac phucmg phap dau tien sir dung su thay d6i cua tan so dao dong rieng tron^ viec 
tim kiP'm hu hong cua cau, tuy vay co nhirng hu hong cua cau it nhay cam vdi fin so 
rieng, dac biet khi hu hong nho. Voi cac thiet bi do hien nay ta co the do dupe not so 
dang dao dong rieng cua cau a dai tan so thap, do do ngoai tan so rieng cac thuat toan 
chan doan gan day da quan tarn nhieu hem den su thay doi cua dang dao dong rieny Cac 
ket qua nghien cini chinh ve chan doan cau bang phuomg phap dao dong dupe tom tat 
nhu sau: 


7.3.2.1. Ve mo hinh hod ket cau 


Phuomg phap phan tir huu han dupe sir dung rong rai trong mo ta cau, tuy vay si dung 
mau phan tir nao d6 mo hinh hoa ket cau va mo phong hu hong cua cau la van da na va 
con phat trien. 


7.32.2. Cac phtfortg phap thu nghiem va xuly so lieu do 

Noi chung co 3 phucmg phap la thir nghiem bang kich dong dieu hoa, thir n;hiem 
bang kich dong xung va thir nghiem vcri dong xe hru thong binh thucmg tren cat. Tuy 
theo phucmg phap thir nghiem ma phai sir dung cac thuat toan xir ly so lieu phu lop da 
rut ra cac dac trung dao dong cua cau. Trong cac nghien ciai d Vien KHCN GT/T da 
nghien ciru cac thuat toan phan tich so lieu voi thir nghiem bang kich dong dieu to a vi 
thir nghiem nay cung cap tin hieu do co chat lupng tot nhat va thuan Ipi trong vix xay 
dung cac thuat toan xir ly. 
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7.3.23. Cac thuat toan nhan dang hu hong 


Nhieu thuat toan nhan dang hu hong cua cau da dupe cong bo. Ewins D.J da db xuat 
nhan dang trang thai hu hong cua cau biing each xet tuong quan dang dao dong rieng d 
hai trang thai so sanh, thuat toan nay da duoc sir dung rong rai va cho ket qua phu hop 
dac biet khi hu hong dii Ion. Nhan dang vi tri hu hong bang dac trimg dao dong co cac 
hudng nghien ciru chfnh sau: 


- Xay dung ma tran cirng (hoac mem) theo cac dac trong dao dong do duoc va so 
sanh vdi ket qua ly thuyet hoac lan do trude. Thco hudng nay co phuong phap ma tran 
Ibi cua Ewins, phuong phap do cirng cua Zimmerman & Kaouk, phuong phap do mbm 
cua Pandev & Biswas. 


- Xem xet su thay doi phan bo nang lirqng bie'n dang, duoc xac dinh qua cac dac 
trung dao dong cua cau, de nhan dang vi tri hu hong. Theo hudng nay co phuong phap 
chi so hu hong cua Stubb & Kim. 

73.2.4. Xay dung mo hinh thuc trang cua cau 


De xac dinh kha nang chiu tai cua cau can xay dung mb hinh thuc trang cua no tren 
co so cac ket qua khao sal, thu nghiem tren cau. Hai hudng nghien curu duoc nhi6u tac 
gia quan tarn la phuong phap true tie'p va phuong phap thong ke. 

- Trong phuong phap true tie'p mb hinh tinli toan cua cau duoc dibu chi'nh mot each 
true quan dua tren so lieu khap.sat, do dac cua cau. 

- Phuong phap thong kc dupe Adams P. va Cawley R. de xuat dbu tien, theo do cac 
dac trung dao dong ung vdi nhibu bo hu hong gia dinh cua ket cau dupe tinh toan tu 
trude, khi co so lieu do ngirdi ta se tim kicin mo hinh phu hop trong thu vien theo tieu 
chuan nao do, mb hinh tim ra dupe xem la mb hinh thuc trang cua clu va co the su dung 
de tinh toan kha nang chiu lire cua no theo cac quy trinh up dung. 

O Viet Nam da co nhirng co gang nghien cirri ling dung chan doan cong trinh bang 
phuong phap dao dong vao dan khoan bien va can, nhirng nidi la nhung bude di ban 
dau. Nham muc dich tiep can vdi cac phuong phap chain doan cau hien dai tren the gidi 
va bo sung cho cac phuong phap dang sir dung d nude ta, dudi day se chi trinh bSy cac 
van db sau: 


1. Lap mb hinh tinh toan cua ket can nhip cau: xay dung mb hinh phtin tir tinh theo 
phuong phap phan tir huu han cho mot so loai can (thep-bbtong lien hop, cau dam BTCT 
thudng va DUL, can ban) va mb hinh phan tir irng vdi mot so loai hu hong thudng gap 
cua cau. 

2. Nghien ciru cac phuong phap phan tich du lieu, thu nghiem va do dac, noi suy, chuan 
hoa du lieu do tren cau vdi nguon Rich dong la tai trong dibu hoa. Xay dimg trinh tu thu 
nghiem va xir ly so lieu do de nit ra cac dac trung dao dong cua cau. Lap chuong trinh 
bieu dibn dang dao dong rieng va chuong trinh chuan hoa dang dao dong thuc nghiem. 
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3. Nhan dang hu hong cua c&u: xay dung thuat toan nhan dang hu hong dua tren co 
sd xem xet tuong quan dang dao dong rieng b hai trang thai so sanh tai diem do, bo sung 
thuat toan cua phuong phap ma tran ldi tim kiem vi tri hu hong cua cau thong qua so 
sanh ma tran cuttg do dac va ly thuydt. 

4. Xay dung mo hinh thuc trang cua cau: dd xua't mot thuat toan tim kiem mo hinh 
tinh toan phu hop cua mot loai cau cu th^ trong thu vien hu hong ly thuyet cua loai cau 
do bang each so sanh dang dao dong rieng do dupe vdi cac dang dao dong rieng ung vdi 
cac hu hong ly thuyet trong thu vien. 

5. Xay dung trinh tir chan doan ket c&'u nhip c^u bang phuerng phap do va phan tich 
dao dong. 

7.4. MO HINH CUA KET CAU NHIP CAU TRONG BAl TOAN CHAN DOAN 
BANG PHUONG PHAP DAO D0NG 


7.4.1. Mo hinh tinh toan cua ket cau nhjp cau 

Trong tinh toan ket c£u nhip cau phai dupe mo hinh hoa, cac m6 hinh thudng su dung 
la mo hinh lien tuc va rdi rac. Mo hinh rdi rac xay dung theo phuong phap phan tu huu 
han la mo hinh hien nay dupe su dung rong rai d6 tinh toan cau. De lap mo hinh tinh 
toan cua cau co the su dung nhiSu each ly tudng khac nhau va cac loai mau phfin tu khac 
nhau, van d6 la c^n lua chon cac phan tu phu hop cho m6i bo phan cua cau di phan anh 
gan dung nhat su lam viec cua ket ca'u nhip ciu va cac hu hong co the! cua no. 

7.4.2. Mo hinh tinh toan cua mot sd dang ket cau nhip cau 

Cac mo hinh ly tudng cho mot sd dang cau (thep - b6tong lien hop, cau dam BTCT, 
cau ban) co thl dupe chon nhu dubi day: 

7.4.2.1. Cau thep - betdng lien hop 

Dam chu co tiet dien chfr I, su dung phan tu thanh (hoac ban) de mo ta canh tren va 
dudi cua dam, phan tu ban mo ta bung dam, mat cau xem la phan tu ban (hinh 7.1). Ket 
qua tinh toan ly thuyet va thuc nghiem tan sd rieng cua cau 1-40 la phu hop 




Ket cau thuc Mo hinh hoa 

Hinh 7.1. Mo hinh hoa can thep belong lien hop 
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7.4.22. Cdu dam BTCT 

Co the sir dung phan tir ban mo ta bung 
dam va mat c4u (hinh 7.2), khi so sanh voi so 
lieu thuc nghiem cua criu Po lech (BTCT), 
nhip 33m cau Yen Bai (BTCTU ST) cho thay 
ket qua so sanh kha phu hop (bang 7.1) 



Hinh 7.2. Mo hinh cdu dam BTCT 


Bang 7.1 Tan so dao dong rieng ly thuyet va thuc nghiem cau Yen Bai 


T^n so dao dong rieng 

Dang 1 

Dang 2 

Ly thuyet 

3,14 Hz 

7,25 Hz 

Thuc nghiem 

3,25 Hz 

7,05 Hz 


7.4.3. Mo hinh mot so dang hu hong cua ket cau nhjp cau 

Hu hong co nhieu loai voi cac muc do khac nhau, d day chi xem xet mdt so loai. 
Nguyen tac mo phong la thay doi dac trung hinh hoc, vat lieu hay lien kdt d cac ph^n tu 
co lien quan den hu hong tuy theo loai hir hong. 

7.4.3.4. Vet nut 


Co nhidu dang vet nut ciia cau phu thuoc vao ket cau, vat lieu va co the mang tinh cue 
bo, de md phong phai can edr dang cua no. Voi ket c4u betOng co nhieu v£t nut be mat co 
the mo phong bSng each thay doi modun dan hoi, voi vet nut s&u a cac ph£n tu ban co 
the mo phong bang each bo sung nut va chia lai phan tu (hinh 7.3), md phong nay da ap 
dung cho hu hong cua cau 1-40 va cho ket qua phu hop. 



a) Trang thai binh thirdng b) Trang thai hu hong 

Hinh 7.3. Mo phong vet nitt sdu theo canh phdn tit ban 


7.4.3.5. Gi ket cdu thep 

Co the mo phong loai hu hong nay bang each thay doi chieu day ph£n tu bi gi va xac 
dinh lai cac dac trung hinh hoc. Trong tinh toan c4u Chau Thi (thep belong lien hop) da 
sir dung mi) hinh ve 6 hinh 7. i va mo phong gi d bung d£m bang each thay ddi chieu 
day ban d ch6 gi, ket qua ly thuyet va thuc nghiem tren bring 7.2 
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Bang 7.2. Chuyen vi ly thuyet va thirc nghiem cau Chau Thi (nhip N9) 


Chuydn vi 

Diem do (1/2 cau - theo cac d£m chu) 

1 

2 

3 

4 

5 

Ly thuyet 

3,5 

3,3 

2,98 

2,22 

1,47 

Thuc nghiem 

3,36 
__ 

3,17 

2,9 

2,1 

1,43 


Mure do thoai hoa thirc t£ cua vat lieu dupe mo phong bang each thay doi modun dan 
hoi, mure do hir hong thirc te cua goi duoc mo phong bang each thay doi didu kien bien. 


7.4.5. Xac dinh cac dac trung dao dong va sir dung vao bai loan chan doan ket cau 
nhip cau 


Tinh toan tren mo hinh ly thuyet cua cau se cho cac dac trung dao dong Iy thuyet cua 
no, cac dac trung nay duoc sir dung de xac lap dai tan so do va cac so d6 b6 tri dau do 
nhSm thu dupe cac dac trung dao dong thuc nghiem tuong ung, dong thoi chung cung 
dupe sir dung d6 so sanh trong bai toan chan doan cau. 

7.5. THU'NGHIEM VA XU'LY SO LIEU TRONG CHAN DOAN KET CAU NHIP 
CAU BANG PHUONG PHAP DAO DONG 


7.5.1. Tin hieu dao dong va mot so dac trung cua no 

Phan urng cua eftu duo’i tac dong cua kich dong la cac tin hieu do dupe tai cac thoi 
diem rbi rac xn = x(nAt), n=l,2,..thucmg ky hieu la x(n). Cac tin hieu nay dupe xem xet 
thong qua cac dac trung cua no: gia tri trung binh, ham tuong quan, ham mat do pho 
bien d6i Fourier...V6i bien dbi Fourier, thay cho viec xem xet tin hieu do dupe theo thoi 
gian, ta co the xem xet chung trong mi6n tan s6\ Gia su trong thu nghiem cau ta do dupe 
kfch dpng ngoai y(n) va phan urng cua h6 x(n), khi do trong mi6n tan so quan he tin hiSu 
ra va vao la: 

YT(f) = H(f)-XT(f) (7.10) 

trong do : 

H(f) dupe goi la ham phan urng t^n so (Frequency Response Function - FRF). 

XT(f), YT(f) la bien doi Fourier cua x(n), y(n) 

Ham FRF dupe xac dinh tu du lieu do theo: 

V f ) 


H(f) = 


s x (f) 


(7.11) 


trong do: 


Sx(0 la ham mat do pho S x (f)= j R x (T).exp(-2i7if)dT 
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Sxy(f) la tuong quan cheoS XY (f)= lim — jx T (f).Y T 

T >x T ^ 

trong thu nghiem dong cac thiet bi do diia ra ham FRF theo (7.12) 
7.5.2. Bieu dien cua ham FRF dbi voi he co hoc 
Phirong trinh chuye’n dong cua ket cau: 

M.U + C.O + K.U = P(t) 

Theo dinh nghTa ham FRF bieu dien nhu sau: 

Ujl©) 


H jk (cd) = 


F k(«) 


(7.12) 


trong do : 

U| la bien do phirc cua phan ung tai j 
F k la bien dp phirc cua luc tac dung tai k. 

Hj k (co) la phan ung cua ket cau tai vi tri j do luc don vi co tdn so o tai k gay ra. Vdri 
kfch dong didu hoa dang P(t) = f.exp(iiot), gia sir nghiem U(t) = u.exp(icot) ta co 
H (o>)= (K - o)2.M + icoC) - ! (i don vi ao i - V—T ) 

Nguoi ta chirng mmh dupe: 


* ».ik <«*» = X 


ni N 


d>jO) .<i> k (i) 

— CD " 111 | + i.CD.C 


(7.13) 


Vbi : N la so dan” dao don” rieng 


cD,(l), O k (l) la gia tri dang dao dong rieng thu I tai vi trf j va k. 


Ham FRF do thiet bi do cung cap se dirpe dung dP xac dinh cac dac trimg dao dong. 
Cac gia thiet chfnh la: 


- Tan so rieng khong trimg nhau va each nhau 
du xa. 

- He so can nho. 

- Trong lan can ciia tan so non a, gia tri cua 
ham FRI diroc xap xt gan diing bang ham FRF 
cua he mot bac tu do. 

Bai toan dat ra la xac dinh tan so rieng co r he 
so can h, va cac gia tri dang rieng O. . tai diPm 
do thu k qua gia tri ham FRF do duroc. 



Hinh 7.4: Xac dinh tan so va t an 
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7.5.2.1. Phuong phap cong huong 

7.5.2.1.1. Xac dinh tan so rieng vd he so can 
T£n so rieng co * con 

He so can xac dinh qua bi£u thufc h = (co 2 - co,)/2con 
Voi co,, co 2 la toa d6 tren true co cua diem R,, R 2 thoa man 

H(co,) = H(co 2 ) = H(con)/V2 

7.5.2.1.2. Xdc dinh dang duo dong rieng 

Xet (7.4) b lan can tan so cong huong, co the chung minh duqc: 

<D J (/).‘t> k (/) = 2h,. ( o;.IH jt ((o)l (7.14) 


Day la phuong trinh bidu di£n quan he giua he so can, tan so dao dong rieng va gia tri 
ham FRF b dang dao dong rieng thur /, tir phuong trinh nay voi co/, hi da bibt se tinh dupe 
dang rieng 0(/). 


7.5.2.2. Phuong phap Kennedy - Pancu 

Xet lan can tan so rieng co/ ta co 

. - Q &- -1- 

k.-co-m,+ ic,to k, (1 __^ ) + 2jhi “ 

COf 0), 


(7.15) 


Dat r = co/col, tach phan thuc, phan ao va bien dbi (7.15) trb thanh: 


[r.ReH jk (co)] 3 


r!mH jk (co) + 


QjkU) 

4h,.k, 


-O / .1 

^Qjk(') i v 


V 


4h 


i 7 


Dat x = r.R e Hj^co); y = r.l m H^/co), ta co 
dubng tron N yqujst bieu di6n tren hinh 7.5 

Xac dinh dac trung dao dong: 

0 ), -co, 

h, = —-- L 

1 2 co, 

- Duong tron cat true tung tai diem ung 
voi tan so bang tan so rieng. 

- He so can: (co,, co 2 la tan so tai B va C) 

- Dang dao dpng rieng duqc xac dinh 
tuong tu phuong phap cong huong hay bidn 
doi Q jk qua y max , tan so rieng va he so can 
da biet. 



Hinh 7.5: Duong irdn N V(/lllxt 
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7.5.3. Thu nghiem cau 

Thir nghiem dong bang ki'ch dong rung la dang thir nghiem dupe dung pho bien nhat 
doi voi cau, tin hieu do dupe co chat lupng tot va de dang xu ly de rut ra cac dac trimg 
dao dong. Trong thir nghi6m nay cau dupe ki'ch dong bang luc diPu hoa co tan so thay 
doi, viec do tin hieu vao va phan img cua cAu dupe tien hanh dPng bo va nhu vay cho 
phep rut ra dupe ham FRF. 

7.5.4. Lap so do do va xac lap vi tri gay ki'ch dong 

De’ xac dinh dupe cac dac trimg dao dong cua cau phai xac dinh mang luai cac diPm 
do va vi tri gay kien dong pnii hop. Vi tri dat diem do la cac vi tri ma bien do dang dao 
dong rieng can do dat gia tri ldn nhat va cac vi tri dang dao dong doi dau, con vi tri gay 
ki'ch dong la vi tri bien do dang dao dong can do dat gia tri ldn nhat. Cac vi tri nay dupe 
xac dinh qua ket qua tinh toan tren mo hinh ly thuyet cua cau. 

7.5.5. Noi suy du lieu 

Trong thir nghiem chi co the xac dinh dupe dang dao dong rieng tai mdt so han che 
diem do tren cau, tuy vay trong mot so thuat toan chan doan cAn phai xac dinh them gia 
tri cua dang dao dong rieng tai cac diem bP sung khac, vi vay can phai noi suy them gia 
tri dang dao dong rieng tai cac diem nay. Ket qua tinh toan bang so vdi da thuc noi suy 
bac 3 chi ra eftn 5 diem do cho mdi nua song then chiPu doc cau de dam bao du lieu noi suy 
co do chinh xac can thiet (d6 thi hinh 7.8 the hien ket qua nPi suy cho 1 dAm cAu 1-40) 


0.0600 

0.0400 





Ly thuyet 

—— 5 diem noi suy 
cho nira song 


0.0200 
0.0000 
- 0.0200 

— C'l -rf iA cG r- dc O — r J rG 

z z z z z\z z z/z z z z c 


- 0.0400 

- 0.0600 
- 0.0800 


— 3 diem noi suy 
cho nira song 







Hinh 7.8: So schih ket qua noi suy dang dao dong rieng 


7.5.6. True chuan hoa dang rieng 

Ket qua do dang dao dong rieng thuong khong thoa man dieu kien true giao va trong 
chan doan dang dao dong rieng cung can dua ve cung he quy chieu de’ so sanh, vi vay 
cluing phai dupe chuan hoa. True chuan hoa dang rieng la tim dang rieng sao cho thoa 
man diPu kien true chuan khoi lupng va sai so giua dang rieng nay voi dang rieng do 
diroc la toi thieu. Bai toan true chuan hoa dang rieng co dang: 
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Cho ma nan dang rieng do dupe T cap n x m (n > m), ma tran khoi luong ddi xurng 
xac djnh duong M(n x n), tim ma tran X sao cho no cue tieu bieu thirc sau: 

r -»2 

n m n 

<HN.<X-T)|| = II[ 

i=l k~l [_ j=l 

vdi N = M l/2 va thoa man dieu kien true chu&i khoi luong X T .M.X = I 
m, n - s 6 dang dao dong rieng va so cac diem do, I - ma Iran don vi. 

Nghiem bai toan true chuain hoa dang rieng: 

Su dung phuong phap nhan tir Lagrange, Baruch va Itzack tim dupe nghiem dung cua 
bai toan co dang X =T.(Tt.M.T)-l/2 

Khi lap trinh co the sir dung phuong phap Gradient cai tien, ket qua chuong irinh tmh 
vdri so lieu mau la phu hop. 

7.6. NHAN DANG HU HONG VA XAY DUNG MO HINH THUG TRANG CUA 
CAU DUA VAO PHAN TICH DAO D0NG 

7.6.1. Khai niem 

Chan doan ky thuat cong trinh ia danh gia tinh trang ky ihuat va kha nang lam viec 
cua cong trinh dira tren co so sd lieu do dac va thdng tin thu duoc hien tai so v5i so lieu 
da co, trong chltn doan bang phuong phap dao dong so lieu do chmh ia cac dac trung 
dao dong cua ket cau (tan sd ridng, dang ri£ng, he so can) ket hop vdi cac so Sieu khac. 
Trong cac nghien cdu d Vien KHCN GTMT, bai toan chan doan ket ca'u nhipcau bang 
phuong phap dao dong duoc xem xet tren cac khfa canh: 

- Xac dinh kdt ca'u nhip cau da bi hu hong hay chua. 

- Xac dinh vj trf hu hong cua ket c t'u nhip cSu. 

- Xay dung mo hinh thirc trang cua ket cau nhjp cau. 

7.6.2. Nhan dang trang thai hu hong cua ket cau nhip cau 

Co th^ su dung tieu chuin b6n vtfng dao dong (Ewins D.J) dt; xem xet hu h)ng trong 
ket cau. Chung ta thay rang neu kd't cau khong thay doi tu Dn do trude den ldn io sau thi 
dang dao dong rieng khong thay doi, neu ket cau thay doi thi dang dao dong r eng se bi 
thay doi. Xua't phat tir nhan xet nay tuong quan giua cac dang dao dong rieng c h;ai trang 
thai so sanh da duoc sur dung de xet hu hong xay ra trong ket ca'u hay chua. 

Gia sir xet dang rieng thir q cua tap sd lieu A va dang rieng thd r cua tap sd Leu B, khi 
do he sd tuong quan MAC (Modal Assurance Criterion-tieu chuan bdn vung dang dao 
ddng) duoc xac dinh nhu sau: 
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(7.16) 


MAC(q,r) 


( N A 2 



V i--l ) 


t N N 

V i=l 7 

t N N 

I®:®: 

V i=l 7 


Vdi N la so diem do, ^ ^ la lhanh ph4n thu i cua dang rieng r, q. 

Gia tri MAC = 1 chi ra rang hai dang dao dong dirqe xet cua hai tap dir li6u A va B 
co tirong quan chat (ciing dang dao dong), con MAC = 0 chi ra rang hai dang dao dong 
do khong tirong quan fkhac dang). Tuy vay neu ke den nhtrng sai sot gap phai trong 
tinh toan xir ly so lieu, ehang han doi vdi so lieu ly thuyet la sai sot do mo hinh hoa ket 
cau, doi voi so lieu do dac la sai sot do nhieu, do cac gia thiet tinh toan... , n6n hai 
dang dao dong rieng so sanh dupe xem la ciing dang neu MAC > 0,9 va khac dang n6'u 
MAC < 0,05. 


Khi sir dung (7.16) cac dang dao dong rieng tham gia tinh toan khong can phai chuitn 
hoa vi chung da tu dirge chudn hoa trong bieu thuc tinh toan. MAC dirge sir dung khi so 
sanh du lieu cua hai lan do hoac gitfa so lidu do va so lieu tinh toan ly thuyet. Gia tri 
MAC co the: giiip xac dinh ket cau da co hu hong hay chua, tuy vay phuong phap nay 
khOng chi’ ra dirge vi tri cua hu hong trong ket citu. Sir dung (7.16) cho cac s 6 lieu do 
tren nhip 33m c^u Yen Bai cho tha'y chua co hu hong, ki6m tra bang cac phuofng phap 
thong thubng cung cho ket qua tuong tu, ap dung voi cAu 1-40 cho th% khi hu hong nho 
tieu chuan nay khong chinh xac, con khi hu hong ldn thi tieu chu^n nay cho ket qua dung. 


7.6.3. Thuat toan xac dinh vj *ri hu hong cua cau 

Thuat toan tim v; tri hu hong dirge xay dung nhb xet su tuong quan dang dao dong 
rieng tai cac diem do va nghien cuu ap dung phuong phap ma train loi. 

7.6.3.1. Xac dinh vi tri hit hong bang tuong quan dang dao dong rieng tai diem do 

Theo y tuong cua tieu chuan bdn virng dao dong de xet hu hong da xay ra trong ket 
cau hay chua, trong 1 nan an da phat tne’n mo rong cho viec su dung tuong quan gia tri 
cua cac dang rieng tai tung dic’m do cua hai trang thai do (hoac do va tinh) de xem xet 
lieu hir hong co xay ra tai vi tri dirge xet hay khong. 

Gia sir rang hu nong lam anh hubng den dang dao dong rieng nhi6u nha't 6 cac vi tri 
no xuat hien, nghTa la tai vi tri co xuat hien cita hir hong ket cau se bi yeu di va do ldn 
cua dang dao dong rieng tai do se tang len. Nhu vay so sanh tuong quan giura gia tri cac 
dang dao dong rieng tai cac vj tri do b hai trang thai se th6 hien nhieu nhat anh 
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hircmg nay. Goi xk(l) la gia tri dang rieng thd 1 do daqc tai diem k, va yk(l) tirong 
dng la gia trj dang rieng do duoc d I5n trade (hoac tfnh toan ly thuyet) va gia sir c6 m 
dang rieng daqc do. Taang quan theo diem do cua gia tri dang rieng gida hai trang 
thai xac dinh bdi bi£u thde: 


R d (k) = - 


\ 2 


^ m 

Z x k( 1 )-yk( 1 > 

V 1=1 _ J 

m \ ( m 

- I>k (1) 


(7.17) 


V 1=1 


J V 1=1 


Vdi x k (l), y k (l) la cac dang dao dong rieng da duoc chuan hoa. Gia tri gan 1 cua R d(k) 
chi ra rdng vi tri diem do k khong co ha hong va neu R d(kJ cang nho hem 1 thi kha nang 
ha hong tai k cang cao. Ke d6'n sai lech do do dac va mo hinh hoa kdt cau thi vi tri k 
daqc xem la co the co ha hong neu gia tri R d(k) < 0,9 va it co kha nang ha hong neu 
R d( k) > 0,9, tuy vdy gia tri 0,9 co the daqc chon tuy thuoc mure do chat che cua bai toan 
chan doan. 


Tren do thi bieu di6n gia tri R d(k) theo k, cac vi tri umg vdi gia tri R d(k) cang xa 1 thi 
kha nang ha hong tai do cang cao. Mat khac gia tri cqc tieu dia phacmg cua R d(k) chdng 
to trong khu vqc lan edn cua di6m k dang dao dong rieng tai k bi thay ddi nhi6u nha't, do 
vay di^m k cung daqc xem la diem nghi ngd co ha hong. Bieu diSn cua R d(k) cho ddm bi 
ha hong cua cau 1-40 vdi true hoanh la diem do con true tung la gia tri R d(k) trong tradng 
hqp ha hong tao ra bang each cat dam chu td true trung hoa den het ban day dam tai 
giaa nhip (E-4) the hien tren hinh 7.9 



Hinh 7.9: Do thi R dlk) trtfang hap hi/ hong E-4 

Tren do thi 7.9 R d(k) nhan gia tri nho nhat tai cac vi tri gida diem do 6 va 7, ha hong 
thqc sq xay ra tai diem do 7 (gida dam), con gia tri R d(k) < 0,9 tai cac diem do td 4-9. 
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Ket hop didu kien gia tri tuong quan R dik) < 0,9 voi nhan xet cac vi tri nhon tren d6 thi 
co kha nang hir hong Ion hon so vdi cac didm khac se thu hep dupe cac vi tri co the xay 
ra hir hong. 



Hinh 7.10: Do thi Rj (k) tritong hop hit hong E-l 


Trong trirong hop hir hong nho, viec lim kiein vi tri hu hong blng thuat toan nay chi 
ra vi tri hir hong khong ro ret. Bieu dibn cua R d(k) cung cua dam hu hong trong trucmg 
hop hu hong E-! (hu hong tao ra hang each cat dam chii 60 cm doi xung qua true trung 
hoa) cho tren hinh 7.10. Tr6n hinh 7.10 ta thay hu hong thuc su 6 nut 7, tuy vay gia tri 
R d(k) chi ra hu hong 6 nut 3. Nhung neu xet theo diem nhon cua d6 thi thi nut 7 cung co 
the dupe xem la diem nghi ngo co hu hong. Phuong phap xac dinh vi tri hu hong cua ket 
can nhip cfui dua tren tirong quan gia tri dang dao dong tai diem do dupe xay dung tren 
co thuat loan tmh toan khong qua phuc tap va no ticp tuc y tuong la chain doan ket cau 
nhip cau su dung su thay doi cua dang dao dong rieng. 

7.6.3.1 ./. Phifotig phap nia trail Idi 


Phuong phap ma tran loi do Ewins D. J. de xuat, y tuong co ban la xac dinh su sai 
khac ciia ma tran do cung, xay dung tir tan so va dang dao dong rieng, 6 hai trang thai so 
sanh de tim kiem hu hong. Goi K, va K 2 lan lup; la ma tran cung 6 tiang thai 1 va 2, ma 
tran loi do cung E = Kj - K 2 se diroc xac dinh theo bi6u thuc: 


-Kn (7.18) 


' 





Oj. 

1 

,o, r -o 2 . 

1 

.cdT 




( J) u- m i 


o) 2 | .m j 






j 


Voi m, la khoi lupng quy doi tai nut i, to. la tan so rieng thu i, dh la dang dao 
dong rieng. 

Ma tran cung !y thuyet va thuc te noi chung co cap khong giong nhau do do thuat 
toan giam cap ma tran cung Guyan diroc sir dung d6 dua chung co cung cap, y tuong ciia 
thuat toan la khir cac nut ma tai do khong co lire tac dung. 
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7.6.3.1.2. Chan doan ket can 

Gia tri cua ma tran ldi phan anh sir sai khac nhieu hay it cua ma tran do cutig d hai 
trang thai so sanh, do vay nhung gia trj troi cua ma tr&n ldi phan anh sir thay ddi nhidu 
cua do cung tai vi tri do, day chinh la nhung vi tri co thd co hir hong. Tren do th bieu 
didn ma tran ldi vdi hai true toa do la cac vi tri do va true con lai la gia tri ma trai 16i, 
nhung didm nhon tren d6 thi nay la nhirng diem edn quan tarn xem xet. 

Van de phtre tap nhat cua phuong phap ma tran ldi la rut gon ma tr&n cung, lu&n an 
de nghi danh so nut tren mo hinh tinh toan cua cau lan lupt tai cac vi tri dat dieim di, sau 
do danh tiep cho cac vi tri con lai. Khi do trong ma tran curng tong quat cac khoi mi tran 
se duqc tach tu d6ng d6 de dang hon trong tinh toan. Phuong phap nay da duqc apdung 
dd tinh cho d4m gian don vdi 1 vi tri hu hong gia dinh, ket qua tinh toan chi ra 2 vi tri hu 
hong trong do co 1 vi tri chi ra dung. 

7.6.4. Xay dung mo hinh thirc trang cua cau 


7.6.4.1. Khai nietn ve cap nhat mo hinh 

Qua trinh di6u chinh mot so tham so cua ciiu v6 cac dac trung vat lidu, hinh hcc hay 
di6u kien lien ket de sao cho co sir phu hop giua cac dac trung dao dong do dac vi tinh 
toan tren mo hinh ly thuyet gpi la xay dung mo hinh thirc trang cua c^u hay cap nhit mo 
hinh (model updating). Co hai phirong phap dupe xem xet la phuong phap true trip va 
thong ke. 


7.6.4.2. Phuong phap true tiep 

Phuong phap true tiep thirc hien dieu chinh, thay doi cac dac trung hinh hoc, vit lieu 
hay <Ji£u kien lien ket o cac phiin tir cua mo hinh tinh toan cua cau, thich hop v</i cac 
dang hu hong quan sat va so lieu do dac tren cac bo phrin ket cau tai hien trubng ma su 
dirii. chinh nay chit yeu dua vao trinh do, kinh nghiem cua ky su chan doan. Khi tien 
hanh xav u .ug mo hinh thirc trang cua cau theo phuong phap nay cac yeu to dupe :hu y 
la dac trung hinh hoc thirc cua cac bo phan va cac hu hong thu dupe khi khao sa cau, 
tinh chat thirc cua vat lieu, sir sai lech cua tan so va dang dao dong rieng do dac va ly 
thuvet tuong ung, nhirng dac di6m bat thubng cua sd lieu do. Vi nhirng hu hong cua cau 
rat da dang ve vi tri, in ire do va co nhung hu hong khong dinh lupng chinh xac dupe, nen 
qua trinh diriu chinh phai lien hanh nhidu lan cho den khi cac dac trung dao dpn^ tinh 
tren mo hinh cua mot so dang dau tien gSn vdi sd lieu do tuong ung thi mo hinh dupe 
xem nhu da mo ta dung trang thai ket cau. Cap nhat md hinh theo phuong phap tru; tiep 
mang ntiieu yeu to kinh nghiem, nhirng day lai dupe xem la phuong phap don gian /a ccS 
hieu qua trong thirc te. Tuy nhien co sd ly luan cua viec didu chinh mo hinh ly tiuyet 
dua tren ket qua khao sat, do dac va cac tieu chuan de xac dinh su phu hop giua ca: dae 
trung dao dong ly thuyet va thuc nghiem nhu da neu a tren da khong dupe dua n mot 
each rd i ana 
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7.6.43. Phirmig phap thong ke 

PhUOng phap thong ke do Adams R.D. va Cawley P. dd xuat dau tien, theo phirong 
phap nay thir vien cac dac trirng dao dong ly thuyet ring vdi nhiciu bo hu hong gia dinh 
cua mot loai cPu nhat dinh se dupe tinh toan tir trirdc, khi co ket qua do thirc t€ ngudi ta 
se lira chon mo hinh ly thuyet phu hop trong thur vien (hoac xac nhan la khong co mo 
hinh nao trong thu vien phu hop) theo tieu chuain tim kiem nao do. Thirc cha't cua 
phirong phap la tim nghiem cua bai toan ngirpc trong thu vien cac bai toan xuoi, thu vien 
nay dupe xay dung tren co so hu hong thudng gap ciia cau trong thpc te. 

Trong nghien cuu ciia Vien KHCN GTVT da de xuAt tieu chuSn tim kiem mo hinh 
phu hop trong thu vien mo hinh hu hong ly thuyet tren co so so sanh tuong quan dang 
dao dong rieng. Goi x t (j) (i =l,m) la dang rieng thur i do dupe tai di6m j (j =l,n), d day 
n la so diem do, m la so cac dang rieng do dupe, y k ,(j) (1 =l,m) la dang rieng ly thuyet 
thu 1 tinh dupe tai diem j ung vdi ket cau vdi bo hu hong thur k. Tuong quan giua Xj va 
y kl co dang: 


5Z x i(j>-yki(j) 

R<Xi.y k ,) = ~--—— (7.19) 

j=i j 'I 

vdi i =l,..,m; 1 =1 k = l,..p (p la tong so bp hu hong ly thuyet). 

Ro rang neu ket can vdi bp hu hong ly thuyet thu k la ket cau thirc thi: 


R(x t ,y k ,) = 


1 

0 


i * 1 


(7.20) 


Bieu thutc (7.11) la tieu chuan lira chon mo hinh ly thuyet trong thu vien du lieu hu 
hong. Tuy vay neu ke den nhung sai sot do do dac, xu ly so lieu thuc nghiem va su 
khong chinh xac trong mo hinh hoa ket cau thi di6u kten (7.11) trd thanh: 


R(Xi,y k i)- 


>0.9 

< 0.1 


i = 1 
i *1 


(7.21) 


Su dung (7.20) cac dang dao dong rieng khong doi hoi phai chuain hoa vi chung da tu 
chufin hoa trong qua trinh tinh toan. Gia tri 0,9 va 0,1 cua (7.21) cung co the thay doi 
theo mute dp chat che ciia bai toan. Neu tat ca cac dang dao dong rieng trong thu vien 
ddu khong thoa man (7.21) thi co nghTa la khong co mo hinh ly thuyet nao cua ket cau 
trong thu vien hu hong tuong irng vdi ket cau thirc, nhu vay ciin phai xay dung mo hinh 



phan tu huu han mai umg vai trudng hap hu hong nay. Qua trinh thuc hien tren tuang doi 
dan gian trong thuat toan, co the sir dung de tim kiem vi tri va muc do hu hong cua c3u 
va se tu no lam phong phu them thu vien du lieu hu hong vai mot loai cau cu the. 

7.6.5. Trinh tu chan doan ket cau nhip cau bang phuung phap phan tich dao dong 

7.6.5.1. Khi thuc hien kiem tra thu&ng xuyen cau 

Thu nghiem xac dinh cac dac trung dao dong a trang thai ban dau cua c^u (trang thai 
"0"), sau chu ky thdi gian nhat dinh se tien hanh do dac thu nghiem lai ciu va so sanh 
tuang quan dang dao d6ng rieng (su dung MAC) de xac dinh co da'u hieu hu hong vai 
cau hay chua. 

7.6.5.2. Khi chan doan ket edit nhip cau 

Trinh tir thuc hien chan doan ket cau nhip cSu bang phuang phap phan tich dao 
dong chu yd'u dua vao su thay doi cua dang dao dong ri6ng. Cac bude chfnh cua trinh 
tu nay la lap mo hinh tfnh toan cua ket cau nhip cau, xac dinh cac dac trung dio 
dong ly thuye't, thu nghiem va xac dinh cac dac trung dao dong thuc nghiem, tim 
kiem hu hong, xSy dung mo hinh thuc trang cua c^u va tfnh toan kha nang chiu luc 
cua c5u tr6n mo hinh nay. 
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Chuong 8 


/N-' 


MOT SO KY THUAT NOI SOI DE CHAN DOAN KET CAU 


Trong ket cau cu thirong co nhung khuyet tat an giau ma khong nhan biet dupe nhu 
cac vet nth, vet rP, vet rong xop ben trong betong, trong moi han. Cac loai may do 
khuyet tat an giau dupe phai trien ngay cang hien dai nhung deu dua tren cac nguyen ly 
chung ciia cac phuong phap am thanh, phuong phap tut truong, phuong phap phong xa va 
tia Ronghen. 

8.1. PHUONG PHAP AM THANH 


Phuong phap nay sir dung song dan hoi a dai tan rong. Tuy theo tan so dao dong dan 
h6i co the’ phan loai: 


- Song ha am (trin so 20Hz). 

- Song am thanh nghe dupe (tan so 20 Hz den 20*kHz). 

- Song sieu am (tan so tir 20 kHz tro len). 


Nhung chi co song am thanh va sieu am la dung dupe trong cong tac chuan doan ben 
trong. Cac song dan hoi a dai On sibu am co the dupe phat ra lien tuc hoac ng^t quang 
lung xung. Sieu am co the ap dung cho kiem tra khong phat huy m§u doi vdi cac bo 
phan ket cau lam bang bat cu loai vat lieu nao. Dd phat hien khuyet tat an giau phai can 
cu vao su phan xa va khuech tan cua cac song sieu am khi gap su bat thuemg tren con 
duong ma song di qua (vi du do la cac 16 rPng. cac vet nut ngam, cac ch6 bi ph^n lop 
v.v...) hoac khi di qua moi trubng khong dPng chat. 


Tan so si6u am thong dung trong chan doan la tu 0,5 den 255 MHz. Co the do song 
xuyen hoac song phan xa tu b6 mat. 


Tren hinh 8.1 gioi thieu so d6 khoi cua may do khuyet tat don gian hoat dong theo 
nguyen ly tieng vong am. 

De kich dong nhung dao dong dan h6i co the dung cac bo cam bien ki6u ap dien hoac 
kieu tu dien. Muon cho song sieu am tir dau do den b6 mat ket cau mot each thuan Ipi 
can phai boi mo cong nghiep len chP tiep xiic. 

Cac khuyet tat (in giau ben trong ket cau thep va ket cau BTCT thubng dupe phat 
hien b6ng phuong phap am vong hoac phuong phap xung. Tren hinh 8.1 gioi thieu so d6 
cua mot thiet bi am vong don gian. 
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Hinh 8.1. So' do kltdi ctia may do khuyet tut 
a) Be mat traven son# am; h 1 Be mat dot dien; O- Klittyc t tat ■ 

I - Bo dotty bo duo dotty; 2- Bo phut xnny;Bo plidt (pud 
1 Dan do \ ufa tint vt'fa phat; 5 - May tint; 6 - Bo chi' tlii man hinh: 7- Ket i da be tony 


Neu tren dirong di qua cua tin hieu sieu am gap mot khuyet tat nhir 16 rong cluing ban 
tin sire can am do sc khac voi sue can binh tlurong cua vat lieu ket cau nay, gciy ra cac 
di'nh nhon tren man hinh hien song. Sau khi do dupe tlioi gian, toe do va hirong di cua 
song sieu am cluing ta co the suy dorin vi tri va dp Ion cua 16 long an giau. Can cu vao su 
bien doi dpt ngot cua toe dp truyen song sieu am trong cac phan khac nhau cua ket can 
cluing ta co the suy doan dupe ve nun dp belong, cac vet nut v.v... 


Cac khuyet tat va hu hong trong moi lian co the phat hien bang may sieu am bang 
cac ditu do hinh lang tru dat sao cho phat ra cac song nghieng 30° - 60° (hinh 8.2). Dung 
lay dua drill do va tren moi han theo mot quy dao hien song nhir hinh ve the hien. Khi 
den clip co khuyet tat thi tren man hinh se hien len xung nho cao, dong thoi may phat ra 
tin hieu anil sang va coi brio dong. De xric dinh duong bien bao quanh khuyet tat phrii 
dung tay dua dau do ra quel theo cric lnrong khac nhau tu vi tri ma tirong irng voi dinh 
nhon trong thay tren man hinh cho den kic nao ma bien do A ciia xung tren man hinh 
girim xuong con mot nira so voi kic drill. Vi tri luc do cua driu do se tirong irng voi mot 
diem tren bien bao quanh khuyet (at. 


Phucmg phrip xung sieu rim cung co the dimg rat tien lpi de theo doi lriu clai sir bien 
dona cua cau true va circmg do belong. 

Phirong phrip phrii xa am thanh dupe dung de phat hien cric khuyet tat va lur hong an 
giau. de thu lupin thong ‘in ve cric quri trinh dien ra ben trong vat lieu v.v... Phirong phrip 
nay dun tren sir ghi nhrin cric song rim thanh xurit hien trong vat the cling khi bien dang 
deo va co cric vet nut. Time chat cua phirong phrip uhu sau. Tren bd mat ket can dat 
mot vai driu do co kha nang nhay cam doi \6i cric bien dang trupt boric cric song be 
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mat, hoat dona o' tan so 1-3 MHz. Trong qua trinh chin li.c sc xuat hien cac bien dang 
1dm trong ket can va vet run Dicu nay the hien qua sir phan xa ctia song ting suat co 
dac tinh xung. Song nay d. A di, dan do thu nhan va C' do la co the doan ra dupe 
khuyet tat hay hirhong. 



Hinh 8.2. So do xuc dinh hit hong Irani’ nidi hdn 
/- Dim do; 2- Quy duo rd quel eiia dun do; 

Due tinh Miny hien Iren man hinh tiny, vdi ede vi tri da ve eiia ddu do. 


Tr6n hinh 8.3 neu so - do nguyen ly ctia may phan xa am thanh. Dau do 1 thu song 
phan xa, truydn qua bo khuech dai 2 rdi di vao bo loc dien ti’r 3 de tach tin tan so thap, 
sau do di den bo khuech dai 4 r6i re 2 nhanh, mol nhanh vao khoi didu chinh 5, mot 
nhanh vao bo tach song 8. Tir bo tach song 8 tin hidu di vao bo ghi len bang tir 7. Nguon 
cung cap dien la 6. 


Hinh 8.3. St/ do khdi eiia lliiet hi 
phdfi xu (ini thanh 
I- Ddu do; 2- Bo hen khueeh dai; 
.?- Bo loc dien tit; 4- Bq khuech dai; 
5 - Khdi dien chinh; 6 - Kyi ion dien; 
7- Thiel hi yin hany lit; 

8- Bp tach Sony 



8.2. CO SO CAC PHUONG PHAP TU TRUONG 


Phirong phap nay dung dd phat hien khuyet tat va hu hong ain giau trong cac vat lieu 
co the nhiem tu, xac dinh do day !6p belong bao ho cho cot thep, do do day lop son phii 
ket cau thep v.v... Nguyen ly cua phirong phap nay dua vao sir phat trien mire dp bien doi 
eiia dong tir di qua vat the. Cac hot sat hoac dung dicli hot sat tron dung moi (vf du dau 
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hoa) duqc boi len be mat ket cau. Dudi tac dong cua tu trucmg a noi co sat se phan bo 
theo mot dang khac thucmg a noi co khuyet tat hay hir hong an gia'u b£n dudi. 


Mot phirong phap khac co hieu qua hon la dung c;?c dau do kieu tir dien co !oi pherit 
va day d6ng cuon quanh. Tir trudng dirqc tao ra se co dang chtr U nhir hinh ve 8.4. Khi 
duir*g tay va quet dau do tren be mat ket cau, bang each do sue dien dong co the! suy 
coan ’ a khuyei tat trong ket cau. 


oO d6 thtet bi ve tren hinh 8.4 de xac dinh vi trf cot thep nlm trong betong, do chieu 
day Idp belong b'c ho va do dudng kfnh cot thep do. Bo cam bien tur dien 1 duqc dua ra 
que" tren be mat ket cau BTCT. Trong hop may cua thiS't bi con co mot bo cam bien 2 
tuarg tu nhung them tarn rung nhiem tu 3, co tac dung thay doi dd can khang khi ta dieu 
chirk rail bang so do. Tuy theo mure do xa gan tu bo cam bien 1 den thanh cdt thep nSm 
sau trong betong ma muc do day, Idp betong bao ho va dubmg kfnh cot thep khac nhau. 
Dung tay dua d£u doc theo cot thep den chd phat hien thay vi trf so do nho nhat thi do la 
diem giao nhau cua hai thanh cot thep. 


3 


Hinh 8.4. Thiel hi kieu dien cam 
de dd cot thep va do chieu day 
betong bdo ho 

1- B6 cam hien ngodi (dau dd); 

2- Bo cam hien trong hdp may; 

3- Ban de dieu chinh cam khang; 

4- Dong ho do site dien dong; 

5- Thanh cot thep; 

6- Cau kien BTCT 



8.3. PHUONG PHAP DIEN TlTDE DO COT THEP 

Phuong phap dien tu co the dung de xac dinh chieu day lop betdng bao ve, vi trf va 
dudng kfnh cua cot thep dat trong betong 

8.3.1. Cac d|nh nghTa 

- Chieu day thuc cua ldp betong bao ve: khoang each nho nhat, C,, giira be mat cua 
betong va be mat cua cot thep (xem hinh 8.5). 

- Chieu dai chi thi cua lap bao ve: khoang each giua be mat cua betong va mot be mat 
danh nghTa cua thanh cot thep diroc khao sat, nhu chi ra tren hinh 8.5. 
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c- Thep vudng xo^n 'sy 

Chi^u cao gan xoin Ion 

ChiSu day chi thi Cm = 0,5 x (Ci = C 2 ) 



b- Thep tron co go 

Chieu cao gan xoiln nho 
ChiCu day chi thi C m = Cj 
Cy Khoang each Ion nhfi't giira 
be mat betong va be mat cd't thep 


Hinh 8.5: Car \’i da dien hinh ve Idji betong bdo ve cot thep 


8.3.3. Thiet bi 

Co hai dang may do dung ngudn pin (dc quy) hoac nguon dien xoay chifiu thong dung: 

- May do vdi chi thi dang kim chi 

- May do vai chi thi so 

May do co nhtmg bo ph&n chinh nhu: ddu do, bo hien thj va cap noi giua hai b6 phSn 
nay. Khi dau do dupe di chuyen nhe nhang va luon giu tiep xuc tren b6 mat betong, b6 
hien thi sc chi ra sir co mat ciia cot thep bang cac tin hieu so hoac kim chi thi. 

De’ doc dupe true tiep chidu day chi thi cua lap bao ve cot thep, thang do phai dupe 
hieu chuan. Do chinh xac ciia phep do chieu day lop betong bao ve tren dai do cua may 
khi hieu chuan can dat ± 5% hoac ± 2mm. 


Bang 8.1: Tinh nang ky thuat mot so may do thong dung (trich TCXD) 


Ten may 

Nucrc 

san xuat 

Dang 
nguon cap 

Trong 
hrong (kg) 

Bo phan 
chi thi 

Dai do va do chinh xac 

i.izc-.y 

IZC-10II 

CHLB 

Nga 

DC-9 Von 

4.5 

Dong ho 
chi thi 

Chieu day tir 0 den 50mm 
Dubfng kinh tir 6 den 16mm 

2.PROFR- 

METKK 

Th 11 v Si 

DC-9 Von 

2 

Man hinh 
link the’ long, 
hien thi so 

Chieu day tir 0 den 300mm 
Duong kinh tir 2 den 45mm 

3. PR Ol -OR- 

METER EO490 

Phap 

DC&AC 

_ _ 

4 

Man hinh 

hien thi so 

Chieu day tir 0 den 200mm 
Duong kinh tu 6 den 40mm 
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8.3.4. Hieu chuan may 


Cftn thufang xuyen kiem tra may do trong phong thi nghiem nham dam bao do chinh 
xac cua cac so doc tren thang do da duqc hieu chuan. So kin kiem tra phu thuoc vao chi 
dan cua nha san xuat va di6u kien sir dung cua may do, nhirng ft nhat cCing phai thuc 
hien sau thang mot Ian. Ngay thang hieu chuan dupe lap thanh ho so va giu kern voi 
may.Viec hieu chuan nay can the hien la tat ca cac so doc thu duqc qua cac phep do cua 
may dSu nam trong gidri han vi do chfnh xac da neu trong muc 8.3. Cac thiet bi khong 
dat yeu cau do phai gui lai cho nha san xuat de hieu chinh. Hau het cac thidt bi do dang 
sir dung d6u la loai dung nguon ac quy, song cung co loai thiet bi dung dirqc ca bang 
dien xoay chi6u, luc do viec hieu chuan can dncrc thqc hien cho timg loai nguon cap 
nang luqng. Neu co nhidu loai dau do khac nhau duqc sir dung cung voi mot may do, thi 


can tien hanh hieu chuan cho tat ca cac loai dau do do. Co the tien hanh viec hieu chuan 


may trong phong thf nghiem theo 3 each dirdi day: 


8.3.4.1. Hieu chuan may tren mdu chuan 


a) Mau chuan la 1 mAu betong hinh hop co dat trong do mot thanh thep thang tron 
tron, sach, voi chung loai xac dinh do nha san xuat may cung cap hoac do ngircri dung 
may tu che tao. Thanh thep dirqc dat lech tarn trong khoi mSu betong hinh hop d6 tao ra 
cac gia tri chi^u day lop betong bao ve khac nhau, khi do tir cac mat ben den thanh thep. 
Nho vay, co the hieu chuan nhidu dai do cua thiet bi ma nha san xuat dira ra. 

b) Chieu day toi thieu cua lop bao ve la 12mm (xem hinh 8.2). Neu muon kiem tra 
cac chieu day bao ve nho hon thi ap dung de muc 8.3.4.2 va 8.3.4.3 


c) Cac b4 mat m^u phai phang, nhein; khong duqc sai lech qua ±0,5mm 

d) Betong mSu chuan phai dirqc sir dung ximang pooc-lang voi ham lirqng tir 300 den 
400 kg/m 3 va cot lieu khong co cac tfnh chat nhidm tir. Khong duqc sir dung bat ky loai 
phu gia nao trong betong. Trong qua trinh do betong phai chu y de khong lam cong 
thanh cot thep 


Phan tho ra cua 
thanh thep > 100mm 



Cac ki'ch thuoc be mat 
nguyen tranu sau khi due 
cua khoi mau betong 
hinh hop phai rong hon 
so veri ddu do it nhat 
la 50mm 


i 




M/' 


Thanh thep dirqc 
djeh chuyeln 



Hinh 8.6a: Cac phep ao chieu day k'fjy belong bao 
ve tren man chuan de hieu chuan may do 


Hinh 8.6b: Hieu chuan may do tren mat 
ban ( hudti co ( hieu day hie! tnfetc 


218 



e) Sau khi bao dupng va thao khuon cho mint thir, chieu day bao v6 thuc cua lap 
betong do bAng thudc thep tir cac mat ben 6 2 diiu cua khoi tnAu den be mat thanh thep 
phai dat do chmh xac ± 0,5mm. Neu hai Itin do tCr mot bb mat tai thanh thep khac nhau 
qua 1mm, thi gia tri tiling birth cua cluing dupe coi la chieu day thuc cua lop bao ve. 
Con neu sirchenh lech nay vupt qua 1mm thi can phai due mau khac. 

0 Tien hanh do bang may theo nhfrng chi dan cua nha san xuat de do chibu day lap 
betong bao ve cot thep tren tat ca cac be mat song song vai thanh thep do, so sanh vai 
chieu day there de hieu chuan may. 

g) Neu can co cac thang do rieng cho nhi6u co thanh, nen tien hanh trirdc quy trinh 
hieu chuAn bang cac m3u chuan co dat cac thanh voi timg loai dirong kinh dai dien. 
Trong m6i truang hop, cac gia tri chitki day biio ve thuc cua thanh thep tinh tu4 mat ben 
cua khoi mau phai bao gom het pham vi lam viec cua thiet bi do do nha san xuat dua ra. 
Pham vi do nay duac chi thi tren thang do tuong irng. 

H.3.4.2. Hieu chuan may tren ban chuan 


a) Ban chuain co kich thude toi thieu la 160mm x 200mm, chidu day > 5mm co b6 
mat phdng nhiin khong sai lech qua ±0,5mm va duac litm bang vat lieu khong nhiem tur. 
Di chuyen mot thanh thep ngang i|tia sat duai mot mat ban ve phia dfitt do dat co dinh 
tren mat ban do v;i so sanh chieu day cua mat ban voi so doc tren thang do tuo'ng ling 
cua thiet bi (xem limit N.7) 

b) Can chit v la mat tren cua ban. none vitnu nan xoi diiu do, khonu duac co cac vat 
lieu kim loai nhudinh hoac oc, vtt Dan do can phai song song vai thanh thep va khi tien 
hanh doc ket qua thi ca diiu do lan thanh thep phai dirqc giu on dinh. Sai so khong dupe 
phep vupt qua cite gia tri nhu da dc cap den trong mac 8.3.4.1. 

83.4.3. Hieu chuan may tren hop chuan 


a) Khoan cac lb tilling gbc vao hai be mat dot dien nhau cua mot cai hop bang vat lieu 


khong nhiem tir de cho mot 
thanh thep, nhu dii mb tit 
trong muc 8.3.4.1, co the 
dat nam ngang o cite 
khoang each khitc nhau 
tfnh tir tren xubng. Dfiit do 
dupe dat phia tren tuyCm 
cac 16 va cac chieu day bao 
ve do thuc tc dupe so sanh 
vai cac so doc tren thang 



do tuong irng cua thiet bi 
do (xem hinh 8.4) 


Hinh 8.7: Hieu chuan may tren hop chuan 
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Can chu y phia trong hop b vung g£n vbi dau do khong dupe co cac vat lieu kim loai 
nhir dinh hoac 6c, vit. Ddu do phai song song vbi thanh thep va ca d£u do ISn thanh thep 
phai dupe giu 6n dinh khi tien hanh doc ket qua. Sai so khong dupe phep virot qua cac 
gia trj nhir da de cap den trong muc 8.3.4.1. 

8.3.5. Phuong phap do 

8.3.5.1. Cong tac chuan bi 

Bat may va dibu chinh db cho kim chi tren mat thang do (cac thiet bi dang kim chi 
thi) nam trung vao mbt vach chu^n nha't dinh ma nha san xu6t thiet bi da quy dinh 
(chinh moc 0 cho thiet bi). Doi vbri cac thiet bi do dang chi thi so, can phai tuan theo chi 
dan cua nha san xuat vb viec chuan bi may do trubc khi lam viec. 

Trong moi trubng hop, viec chinh m6c 0 cho thiet bi can dupe thuc hien khi dau do 
dat 6 xa khoi bb mat cua cau kien BTCT va sao cho cac anh huong ben ngoai len dau do 
la nho nhat. Tranh viec dich chuyen nhanh dau do vi di6u nay co anh huong toi su chi 
thi may. Sau khi bat may mot khoang thoi gian, do nha san xuat quy dinh, dd say may 
thi mdi ti6n hanh diPu chinh may 6 cac bude tiep theo. Khong dupe lay so lieu khi su 
hi6u chinh moc 0 chua on dinh. Trong qua trinh do phai thubng xuyen kiem tra lai moc 
0 cua may. Voi cac thiet bi do chi£u day chay bang pin, ngoai viec kid’m tra v6 tinh trang 
lam vi^c cua nguPn luc ban d^u con phai thuc hien ki6m tra thubng xuyen trong qua 
trinh do. Sau do, dau do dupe di chuyen ap sat tren b£ mat cua cau kien betong d6 ki6m 
tra su co mat cua cot thep. May do se co chi thi dd ngubi su dung biet la co cot thep phia 
dubi bP mat betong va nam trong gibi han do cua thiet bi. 

8.3.5.2. Hieu chuan may do ffhien truong 

Gin phai tien hanh viec hieu chu^n may do b hien truong bang each su dung mot 
trong cac phuong phap da mb ta b muc 4 cho cac thang do tuong ung. Di6u nay dac biet 
quan trong khi cac loai cot thep b hien trubng khac vbi loai da dung cho viec hieu chuan 
trong phong thi nghiem. Trong nhur.g trubng hop hieu chu^n b hien trubng chua dam 
bao hoac cac thanh cot thep co kich co nam ngoai pham vi thang do, hoac betong cua 
ket cau khac vbi bbtong due mlu se gay anh huong dang kb den cac ket qua do, can thiet 
phai tien hanh viec hieu chinh theo mot trong hai phuong phap sau day: 

a) Khoan hoac due mb cac 16 thu tu tren bb mat betong cho tbi cac thanh thep b cac 
vi tri tuong ung vbi cac gia tri chieu day lbp bao ve cot thep trong ket cau la Ibn nhat, 
nho nhat va mot vai gia tri trung gian, theo nhu chi thi cua may. Gin chu y d£ khong lam 
hu hai den cot thep. Sau do, do khoang each tu thanh cot thep den be mat betong tai tirng 
dibm da khoan. Dong thoi dung thiet bi do chieu day cung vbi thang do quy doi tuyen 
tinh de do b tirng vi tri va thiet l^p mot bieu db chuan. Cuoi cung tinh toan chibu day lbp 
betong bao ve, kibm fra b ngoai hien trubng, nhb viec sir dung cac so doc tren thang quy 
doi tuyen tinh va bieu do chu^n nay. 
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Thire hien viec hieu chuan duoc mo ta trong muc 8.4, trong do sir dung cac thanh 
mau co cluing loai va dudng kmh biet trudc, dong thdi cac dac tinh cua belong cung 
nhu cua cot thep dung che tao mau phai tuong tir nhir cac dac tfnh cua vat lieu tirong 
urng da dung doi tuong can kilm tra. Dung thang do quy doi tuyen tfnh de lap mot bieu 
do chuan. 

Phuong phap a thubng dirpc ap dung nhilu cho cong tac khao sat ngoai hien trudng, 
con phuong phap b thich hop hon cho qua trinh san xuat, nhu trong san xuat cac can 
kien betong due sin. Doi khi, cung co the ipi dung viec cot thep bi hd hoac cac dau cua 
cot thep bi tho ra ngoai de kiem tra lai su" lam viec cua thidt bi do. 

8.3.5.3. Kiem tra tren betong 

ChuSn bi vi trf kiem tra tren cau kien BTCT: B6 mat betong cua vung kiem tra can 
phang va nhan, nhung cho g6 gh6 can mai piling bang may mai elm tay. 

Cach xac dinh vi tri va dudng kmh cot thep: 

Dlu do dupe dich chuydn mot each co he thong tren mat betong va tai vi trf cot thep 
dupe chi ra, dau do dirpc di cho tdi khi d do chi thi may the hien la da dat ddn gia tri cue 
dai cua trudng dien tir. True cua cot thep dupe xac dinh la nlm trong mat phang chura 
dudng thing di qua tarn dSu do. Trong cac didu kien ly tuong, khi cac yeu to hien trudng 
khong anh hudng nhidu den so doc cua may thi khi bict dupe dudng kmh thanh thep, co 
the do duoc chi6u day lop bao ve, ngupc lai, neu biet dupe chiSu day lop bao ve, co the! 
xac dinh dupe dudng kmh cot thep. 

Doi vdi may do chi’ thi so va co cac dau do dudng kmh: sau khi xac djnh dupe vi trf 
true thanh thep bang dau do vi tri (Spot Probe), sir dung dau do dudng kinh de tien hanh 
do theo chi din ciia nha san xuat may. Khi da xac dinh dupe dudng kinh thanh thep, sir 
dung lai dau do vi tri de xac dinh chilli day lop betong bao ve vdi so lieu dudng kinh 
tuong ung. Tuy nhien do chinh xac ciia quy trinh do nay vln phu thuoc vao thiet bi do, 
khoang do ciia may va cac yeu to hien trudng khac. 

Phep do chilu day lop betong bao ve, doi vdi cac cot thep co Idp bao ve nho hon 
100mm phai dat do chinh xac ±5mm. 

8.3.6. Anh hudng cua cac dieu kien thi nghiem 

Co nhieu kha nang lam giam do chinh xac, do co nhieu yeu to tir ben ngoai anh 
hudng len trudng dien tir trong gidi ban do ciia thiet bi va do cac anh hudng ciia cac hien 
tuong vat ly khac. Mot ngudi sir dung co kinh nghiem co till han che dupe cac anh 
Inrdmi do. 
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83.6.1. Anh 


huang cua thep 


83.6.1.1. Loai thep 

Cac thang do da hieu chu^n chi co hieu luc cho mot loai thep nhat dinh (xem cac chi 
-» *» 

d5n cua nha san xuat). Anh huang cua cac loai thep khac nhau len cac so doc thu nhan 
duac noi chung la nho nhung trong mot so trading hap dac biet, ching han nhu cac sai 
thep cuang do cao dung cho betong ung suat truac co thd co sai so them len tai ±5% 
hoac tham chi Ion han. 


83.6.1.2. Mat cat ngang 

Cac duang cong hieu chuiin hoac thang chia tren bo chi thi duac hieu chuan cho cac 
thanh thep tron tran cung co thd’ sir dung duac cho ca cac thanh cot thep co gcr. Can luu 
y rang chidu day nho nhat giura thanh mep va bd mat cua betong co gia tri bang chieu 
day chi thi cua lap bao ve trir di chi6u cao cua ga thep. Chi6u day chi thi cua 16p bao ve 
a day duac dinh nghia trong muc 8.2 va duac minh hoa a hinh 8.3. Khi gap phai thanh 
thep tiet dien xoan (xem hinh 8.1c) co the se mac phai cac sai so dang ke neu khong 
thitc hien mot trong so cac quy trinh hieu chuan nhu da mo ta trong muc 8.5 

83.6.13. Hinh dang \’d huang cua thanh thep 

D6 thu duac do chinh xac cho ca phep do chi^u day bao ve va duang kinh thi thanh 
thep phai duac dat thing va song song vai mat betong. 


83.6.1.4. Vung co nhieu cot thep 

Cac thanh cot thep duac bo tri gin nhau co th6 gay n£n anh huang dang k6 deii do 
chinh xac cua phep do. Trong truang hap cac thanh thep dat song song hoac vuong goc 
vai nhau trong mot khoang hep, cdn tuan theo nhung chi din do cua nha san xuat. Trong 
nhung di6u kien nhu vay, nhat thiet nguai do phai la nguai co kinh nghiem. Trong 
truang hop nhi£u thanh cot thep dat song song thi gia tri chi^u day cua lbp betong bao 
vd cua timg thanh thep trong do phu thuoc vao mot vai yeu to nhu do nhay cua thiet bi 
va kich thich cua diu do. Thong thuang thi do chinh xac cua phep do chieu day chi thi 
cua lap bao ve se bi anh huang khi co tir 2 thanh thep tra len nim trong pham vi do ciia 
dau do. Khi khoang each giua cac thanh thep dat song song giam xuong thi se co vi tri 
khbng the dinh vi duac cac thanh thep rieng le. Cin co nhung dau do dac biet de nang 
cao do chinh xac cua phep do chi6u day va nang cao tinh dinh vi cho tung thanh thep 
rieng le trong nhung truring hap nhu the. 


83.6.1.5. Cot thep dai 

Cot thep dai, dac biet la nhung nai gan vai b£ mat, co the’ gay ra nham lan la so doc 
chifiu day lap bao ve cua thep chu bi thap. Tuy nhien, nguai sir dung co kinh nghiem se 
co the phan biet dupe vi tri bi anh huang ciia cot thep dai, dinh thep vv... va tap trung 
vao su tac dong do cot thep chu tao nen. 
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8.3.6.?. Anh hudng cua betong 

Cot lieu: Khi trong thanh phan betong co cac cot lieu c6 thuoc tinh nhiem tir se gay 
ra sir thieu chi'nh xac dang kd trong ket qua do chidu dai chi thi, tuong tir nhu vay, viec 
hoan thien mat nen bdi mot chat dac biet nao do co thd ddn den cac phep do thieu chinh 
xac dit cho viec dinh vi cac cot thep don le van thuc hien thuan Ipi. 

Co the xac dinh dupe su co mat ciia cac vat lieu co tinh nhidm tir bang each dat dSu 
do len be mat betong d mot vi tri nSm ngoai pham vi anh hudng cua thanh cot thep g3n 
nhat, sau do ghi lai va xem xet so doc tren may do vdi betong nhidm tut. 

Vita lien ket: Nlurng thay ddi trong cac dac trirng tir tinh cua vua ximdng va cac cha't 
phu gia rat co the anh hudng tdi ket qua do chieu day lop bao ve. 

hodn thien he mat: Neu cau kien co b£ mat khong phang, vi du b^ mat hoan 
thien dd hd cot lieu se anh hudng den gia tri chidu day chi thi cua ldp bao ve va no giong 
nhu cac bat thirdng cua vung be mat trong pham vi cua dau do. 

* 1 7 

8.3.63. Anh hmmg cua nhiet do 

Mot vai loai ddn do rat nhay cam vdi nhung thay doi nhiet do co the gay ra bdi tay 
cua ngudi su dung. Lite nay can chinh moc 0 thiet bi thudng xuyen va phai tuan theo 
nhung chi dftn ciia nha san xuat. 

83.6.4. Nhung tdc dong tit ben ngoai 

Cac lac dong urong hd se xay ra d nhung vung xung quanh cac ket ca'u kim loai co 
kich thuofc dang kc, c hang ban nlnr cac bo phan lien ket cira sd, gian glao hoac dudng 
cing thep, dac bict la khi cluing nam ngay sat d pht'a dudi dau do. Muc do anh hudng se 
phu thuoc vao loai ihict bi do chieu day ldp bao ve cu the dupe sir dung, nhung tat ca cac 
loai thiet bi do dcu chiu anh hudng ciia cac tir trudiig hoac cua cac dien trudng hoac chju 
anh hudng ca hai. 

Trong nhung trudng hop nhu the do tin cay vao vice sir dung thiet bj co *:he bj han 
che nhieu. 


83.6.5. Cot thep da bi an mdn 

Khi co su an mdn cot thep dang ke, cu the la da co sir bong troc va phat tan cac 
san pham do qua trinh an mdn sinh ra, se gay ra sai s<5 cua sd doc chidu day ldp 
belong bao ve. 


8.3.7. Lap bao can 

Bao cao pirii neu rd cac phircmg pi tap da dupe su dung la phu hop vdi tieu chufln nao. 
Neu co sir dung cac ky thuat dac biet khac thi cluing phai dupe mo ta mot each ro rang 
trong bao cao. Bao cao efin de cap nhung thong tin sau day: 
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a) Ngay, thang, nam, thoi gian va dia diem kiem tra; 

b) Mo ta ket cau hoac cau kien dupe kiem tra; 

c) Vi tri cua cac vung kiem tra; 

d) Neu cac chi tie't cua betong tai cac vung thf nghiem; 

e) Nhan hieu va loai thiet bi do chidu day dupe sir dung va ngay hieu chuan trong 
phong thf nghiem grin nhat; 

0 Neu chi tie't cua tat ca cac qua trinh hieu chutfn ngoai hien truong; 

g) Cac gia tri chidu day chi thi cua lop bao ve do dupe hoac duong kfnh cot thep. Neu 
cac gia tri nay thu dupe qua tfnh toan thi c£n ghi ro dieu nay trong bao cao; 

h) Do chfnh xac dupe du doan cua cac dai lupng do c6 tinh dinh lupng; 

i) Dang cua cot thep ke ca nhung khoang each giura cac thanh thep. Co the dua them 
cac hinh. 

8.4. CAC PHUONG PHAP THI NGHIEM DE XAC DINH CUONG DO BETONG 
TREN KET CAU CONG TRINH 

Noi chung dp chfnh xac cua viec thf nghiem cuomg do betong tren ket cau cu thuong 
khong cao do betong khong d6ng nhat va suy thoai theo thoi gian mot each khong d6ng 
deu. Ngoai ra con co anh huong cua vd't nurt, dp am uert, cot thep trong betong v.v... 

Dd thf nghiem trong phong phai khoan lay mfiu betong roi gia cong thanh hinh tru 
tron duong kfnh 70-150mm tir kd't cSu c^u thuc. Nhu vay 16 khoan tren ket cfiu kha Ion 
va neu cau dang khai thac thi thuong khong dupe phep khoan tren dam. Chi co the lay 
m5u tu cac khoi xay to Ion cua mb' tru. 

Do vay nguoi ta thuong dung cac phuong phap khong pha huy mSu de do cuong dp 
betong ngay tren ket c&u thuc. Hai phuong phap dupe dung pho bien nhat hien nay la 
phuong phap sieu am va phuong phap dung sung bat n6y kidu Schmidt. Bp Xay dung da 
ban hanh tieu chuan sir dung ket hop hai loai thiet bi do nay. Ngoai ra trong mot so 
truong hop dac biet, co the diing phuong phap tia Gamma (vf du da ap dung do cuong dp 
betong tron- coc khoan nhPi sau 40m duoi long song o c^u Viet Tri 1993). 

Dd xac dinh cuong dp betong tren ket cSu thuc phai dung cac phuong phap gian tiep. 
trong Tieu chuan t< \T> 239 : 2000 da hudng dSn sir dung cac phuong phap thf nghiem 
de xac dinh cuong do betong tren ket ca'u cong trinh, each to chuc thf nghiem, phan tfch 
va danh gia ket qua (hi nghiem. Trong chuong 6 da trinh bay ve phuong phap sieu am, 
6 day chi noi vd phuong phap sung bat nay va phuong phap khoan la'y mau. 
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8.4.1. Chon phuong phap thi nghiem 

Noi chung, viec chon phutong phap thi nghiem hop ly nhat se can cur vao muc dlch 
yeu can thi nghiem, dac diem cua ket cau, cau kien; di£u kien hien trudng va cac yeu to 
kinh te. Bang 8.1 neu cac phuong phap thi nghiem khac nhau de danh gia cac loai hinh 
cudng do betong tren ket cau. Bang 8.2 tom tat nhurng uu nhirpc diem cua cac phuong 
phap thi nghiem dung dd xac dinh cudng do betong tren ket cau. 


Bang 8.1: Chi dan cac phuong phap thi nghiem de xac djnh cudng do betong 





Phuong phap thi nghiem 


Cac loai hinh 

Betdng 

Bo phan ket ca'u 

ve cudng do 

Due m&u 

lap 

phuong 

Thi nghiem 
khong 
pha huy 

Mdu 

khoan 

Thi 

nghiem 
chat tai 

Thi nghiem 
chat t<li 

tdi han 

Betdng 

Cudng do lap 
phuong tieu 
chuan 

True tiep 

Gian tiep 

Gian tiep 

Gian tiep 

Gian tiep 

Cudng do l^p 
phuong hien 
trudng 

Gian tiep 

Gian tiep 

True tiep 

Gian tiep 

Gian tiep 

Bo phan 

Kha nang chiu 
tai thidt ke 

Gian tidp 

Gian tiep 

■'V 

~3 

_ 

Tore tiep 

True tiep 

ket cau 

Sire chiu tai 

tdi han 

Gian tiep 

Gian tiep 

Gian tiep 

Gian tiep 

True tiep 


Bang 8.2: Uu diem va han che cua mot so phuong phap thi nghiem 


Vung 
dugc thir 
nchiem 

Ph uong 
phap thir 

Tai lieu 

tham khao 

Do 

chinh 

xac cua 

phep thu 

Toe do 

thir 

nghiem 

Mire do dd 
dang cua 
phuong 
phap thir 

Tinh kinh 

te ciia 
phuong 
phap thir 

Muc do 
khong 
pha huy 
ket ca'u 

Sau 

Loi 

khoan 

TCVN 

3118:1993 

*** 

** 

* * 

* 

* 

Sieu am 

TCVN 

225: 1998 

** 

4* 4* 

^ 

5fc 


Be mat 

. _ 

Do cung 
be mat 

TCVN 

162:1987 

* 

*** 



*** 


Chu y: So lirong dau * the hien muc do uu tien cua phuong phap thi nghiem. Phuong phap 
nao co nhicu dau * thi co nhieu uu diem hon phuong phap co it dau *. 
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Phircmg phap thi nghiem cu the dupe lira chon can cd vao dieu kien sau: 

8.4.1.1. Lua chon can cue vao do chinh xac cua phwmg phap thi nghiem 


Muc do chinh xac cua ban than phuang phap thi nghiem dupe xep hang tir cao den 
thap nhu sau: 

1. Phuong phap khoan lay mSu (cho cucmg dd betong hien trudng quy ve mSu lap 
phuong, R ht , vdi sai so trong pham vi ±12\/n %, n la so lupng mau khoan). 

2. Phuong phap do van td'c xung sieu am (cho cudng do betong hien trubng quy vd 
mSu lap phuomg, R ht , voi sai so trong pham vi ± 20%). 

3. Phuong phap dung sung bat nay (cho cucmg do betong hien trudng quy ve mau lap 
phuong, R ht , vdi sai so trong pham vi ± 25%). 

De it gay hu hong cho ket cau ma van dam bao dupe do chinh xac can thie't nen sir 
dung phuong phap khoan lay mSu kd't hop vdi phuong phap khac (xem 8.4.6). 

8.4.1.2. Lua chon can cut vao kich thu&c cua ket cau 


Vdi kd't ca'u co kich thude nho (cot co canh 20 den 25 cm, dam co b6 rong 20 den 25 
cm, san, ta'm tudng day 10 den 20 cm...) co th6 xac dinh cucmg do hien truong bang cac 
loai sung bat nly, tien hanh thi nghiem tren hai mat doi dien 

Ket cau co kich thude Idn hon thi nen dung phuong phap do van toe xung sieu am. 

8.4.1.3. Lua chon can cut vao tuoi cua betong tai thin diem thi nghiem 

Khi lua chon phuong phap thi nghiem, phai chu y den tudi cua betong tai thdi di^m 
thi nghiem. Vdi phuong phap dung sung bat niiy ket qua se chinh xac hon khi betong d 
tudi tu 7 ngay den 3 thang, tot nhat la thi nghiem trong pham vi tuoi tir 14 ngay den 56 
ngay. Neu tuoi betong luc thi nghiem ldn hon 3 thang thi ket qua se co sai so Ion, ndu 
nho hon 7 ngay thi d6 gay hu hong cho ket ca'u. 

Vdi phuong phap do van toe xung sieu am, ket qua thi nghiem khong bi anh hudng 
nhieu bdi tuoi cua betong. 

8.4.1.4. Lua chon can cut vao khu vitc duac kiem tra 


Qin luu y den cac yeu to sau: 



thich hop). 

2. Vi tri cac mat cat co img suat ldn (khong dupe dung phuong phap khoan mau d 
nhung cho co ung sua't ldn, d nhung chd chenh venh...). 

3. Su thay doi cucmg do theo chi6u sau (theo phuong thing ddng). 

4. Vi tri cot thep: xac dinh theo ban ve hoac xac dinh bang may do cot thep (dd tranh 
anh hudng cua cot thep den ket qua do doi vdi phuong phap do van toe xung sieu am). 
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5. Tranh tac dong xau den cot thep (khong duoc alt qua nhibu cdt thep, nha't la cot 
thep chiu luc). 

6. Cac khuyet tat cue bo co thS anh hircmg den ket qua th* nghiem (can kie’m fra so' bb 
d6 loai bo cac vung nay). 

8.4.2. Cac bien phap nang cao do chinh xac cua viec xac dinh R ht 

De nang cao d6 chinh xac cua viec xac dinh cubng d6 betong hien truemg, R hP edn: 

- Dam bao do chinh xac cua dubng chuan cho ban than m6i phtrong phap thu. 

- Ket hop cac phuong phap lam thi nghiem khac nhau nhu sau: 

-f- Sir dung phuong phap lam phep thu so bo cho mot phuong phap khac (vi du dung 
phuong phap sibu am de lira chon vung khoan mau). 

+ Dung phuong phap khoan mau (voi so mSu han che) cung vori phuong phap do van 
toe xung sieu am de xay dung mot duong chuan chinh xac hon cho mot cong trinh cu 
the can kiem tra. 

-r Co the dung dong thbi hai hay nhi6u ket qua cua cac phuong phap khong pha huy 
khac nhau (vi du dung phuong phap sieu am ket hop vdi phuong phap sung bat n^y de 
xac dinh R hI theo TCXD 171:1989). 

Tang so luqng phep thu. 

8.4.3. Phuong phap dung sung bat nay 



Hinh 8.8. Sung but nay kieu Schmidt, 
a) Mat cat doc; h) Dang chung; 

1 - Be mat ket can belong; 2-Thanh va dap; 3-Nap hit ddu; 4- Ldxo va dap; 

5- Cua so nhin thang do vach; 6 Con chay chi thi; 7- Thanh dan hu&ng; 8- Vdng dem dan 
hudng; 9- Ld so nen; JO- Nap vo than sung; 11- Nam ham giu khi sung khong hoqt dong; 

I 2- Vd than sung; 13- Qua bua; 14 Dd nidi; 15- Hop dung sung; 16-Dung chung cua siing. 

Nguyen If hoat dong cua thiet bi nay nhu sau: Khi dung sure tay a'n cho than sung tien 
ddn den be mat betong thi thanh 2 tut sau vao than sung 11 cho den luc cham vao qua 
bua 13. Do cu va dap nay qua biia 13 chuydn dong vb phia sau lam di chuydn con chay 6 
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tren thang do vach. Vi tri con 
chay 6 chi ro so' b£t nay khi do. 

Can cur so bac nay co thd tra do 
thi hay bang ma hang san xuat 
Schmid da ban kern sung dd suy 
ra cudng do bd mat nho dd lay tri 
so bat nay trung binh. Trong cac 
tai lieu kern theo sung co cac 
bang tra cu the’ ung vdi cac goc 
bdn khac nhau, vl du: 45°, 90°, - 

45°, v.v... Cac sung do Trung m „h 8.9. Thi cuong do BT day ban dam lien haj< 
Quoc san xuat con xet den hien Vdn Di( „ Mng s6 , g SchnM 

chinh theo mure do cacbonat hoa 

bd mat betong de gian tiep xet den tudi betong cu. Cac sung do hang Schmidt ban d Viet 
Nam chi do cuong do betong co tudi cao nhat la 56 ngay. Tac gia Nga OCU OB khu' en 
doi vdi b&tong cu phai cao bo ldp bd mat di sau 10mm roi mdi dung sung bat ndy de thu 
cudng do betong. Didu nay kho ap dung d Viet Nam dupe. 

8.43.1. Lira chon viing kiem tra 

Cdn chon cac viing kie’m tra co bd mat nhan, kho, tot nhat la chon cac mat dupe tao 
hinh bang van khuon. Bd mat khong co van khuon can dupe mai nhan trude khi thi 
nghiem. Can tranh cac vimg co khuyet tSt (ro, ran, nurt...). Cac diem thi nghiem each 
nhau It nhat 20mm va each mep hoac gd 20mm. Viec chon viing kiem tra khong bi chi 
phoi bdi cot thep trong betong vi thong thuemg thep khong anh hudng den ket qua thi 
nghiem. Phuong thi nghiem thudng dung la phuong ngang hoac thang ddng tir tren 
xuong, nhung cung co thd dung phuong bat ki, song phai ke’ den anh hudng ciia phuong 
thi nghiem khi xur ly ket qua. 

8.43.2. So luong thi nghiem cho mot viing 

Do chinh xac cua cudng do betong hien trudng quy vd miu thu lap phuong phu thuoc 
trude het vao do chinh xac cua mdi quan hd giua cudng do miu lap phuong tidu chua’n 
cua cap phoi betong cu the da dung de xay dung cong trinh va tri so bat niy (xem 20 
TCN 162: 1987). Tuy nhien d phuong phap nay, trj so bat nay cua cac thi nghiem thirc 
hien tai ciing mot vi tri co bien dong nhidu. Do do edn thtre hien It nhat 10 lan thu tai 
mdi viing kiem tra co klch thuoc 30 x 30cm. Gia tri trung binh cua cac so doc co do 
chinh xac trong khoang ±15/ \fn (%) vdi do tin cay 95%, trong do n la so lan doc. 

8.433. Phuong phap thi nghiem 

Phai lira chon thiet bi phii hop vdi loai betong can thir. Can kidm tra do chuan ciia 
sung trude khi dung. Tai mdi viing kiem tra, tien hanh thi nghiem d cac giao didm cua 
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mang lubi co kich thubc 6 vuong tu 20 den 50mm. Gia tri trung binh cua so doc b m6i 
vung phai dupe tinh tir tat ca cac tri so bat nay da doc, ke ca cac tri so bat thirbrng - cao 
hoac tha'p. 


Viec xac dinh circmg do b6tong hien trubng quy vd mau lap phuong chi dang tin cay 
khi xay dung dirac dircmg chuan N-R bang thuc nghiem cho tung loai betong cu the (N 
la tri s6 bat nhy; R la cubng do mSu lap phuong tieu chuan). 

Vdti betong chira qua 3 thang tuoi va co dubng chuan tr6n thi co thb xac dinh cubng 
do bbtong hien tnrbng quy ve mau lap phirong a gan be mat ket cau vbi sai so trong 
pham vi ±25%. 


N6'u dieu kien duong ho va di6u kien am cua betong hien trucmg khac nhieu so voi 
mau betong xay dung duong chuan N-R thi do chfnh xac cua k6't qua thu se giam di 
ro ret. 


8.4.4. Phuong phap khoan lay mau 


Phuong phap khoan lay mau tru tir ket cau va thi nghiem nen cac mSu nay la phuong 
phap true tiep de xac dinh R hl . Tien hanh khoan mau, gia cong va thi nghiem nen mau 
khoan theo TCVN 3105: 1993 vaTCVN 3118: 1993. 


8.4.4.1. Cong tac khoan lay mau 

Chon cac diem khoan sao cho miu khoan khong co cot thep nam theo true doc cua 
mau va chira cang it thep vuong goc vtVi true doc mau cang tot. S6 luofng mau khoan phu 
thuoc vao do chinh x.'tc can thiet cua viec xac dinh cubng do va cac chi phi cho viec 
khoan, gia cong va thi nghiem mau khoan, cang nhmu mau khoan tai cac vi tri giong 
nhau thi du doan cubng do cang chinh xac. Cubng do betong xac dinh dupe tir mot mau 
khoan la cubng do betong tai vi tri khoan mau vbi sai so nam trong khoang ±12% (vbi 
do tin cay 95%). Khi co n mau khoan thi cubng do nen trung binh ciia chung dupe coi la 

cubng do tai vi tri khoan vbi sai so trong pham vi ±12/Jn %. 

De hieu chinh dubng chuan cho mot cap phoi betong cu th6 tai hien trubng dung cho 
mot phuong phap khong pha huy khac thi so lupng mSu khoan nhu sau: vbi mau khoan 
co dubng kinh 150 mm it nha't la 3 mfiu, vbi mau khoan co dubng kinh nho hon phai lay 
it nha't ia 6 mAu. Ne'u cubng do hien trubng dupe tinh bang cubng do trung binh ciia cac 
miu khoan ma xap xi vbi cubng do yen cau R vc thi can khoan thdm miu. 

Trubc khi lam dan cluip mau khoan phai co chi6u cao it nhat bang 95% dubng kinh 
cua no. Mau khoan sau khi gia cong phai co chi6u cao toi thidu bang dubng kinh va 
khong vupt qua 1,2 lan dubng kinh cua no. Khi cot lieu tho co kich thubc danh dinh lbn 
nhat 20 mm va 40mm thi dung mau khoan co dubng kinh 150mm vi luc nay anh hubng 
cua viec khoan doi vbi mSu la nho nhat va se thu dupe ket qua dang tin c$y hem, tru 
nhfmg trubng hop sau: 
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a) Khi cot thep dat day dac thi nen dung mlu khoan co dudng kmh 100mm /i no 
thudng chua it cot thep hem. 

b) Khi can phai han che chidu cao mlu khoan nho hom 150mm. 

Khi phai dung mlu khoan co duemg ki'nh nho han 100mm, vi du khi mat ck can 
khoan mlu co chieu day nho han 100mm, thi vln xu ly ket qua thi nghiem nhu dci vdi 
mau khoan ldm nhung ket qua thu duac se co dd tin c|y thlp han, nhat la khi kich hude 
cot lidu tho ldn han 30% dudng kmh mau khoan. 

Khi phai dung mlu khoan co chieu cao nho han duemg kmh. song ket qua cung co dd 
tin cay thap. Neu ti so h/d mk nho han 0,5 thi ket qua thu do tin cay kern (h: chiea cao 
mlu khoan; d: dudng kmh mlu khoan). 

Viec khoan lly mlu phai do ngudi gioi tay nghe thuc hien, su dung cac thet b; 
chuydn dung. Can ghi lai moi nhan xet co lien quan den viec phan t-'ch danh gia ke qua 
lay mlu khoan sau nay. Mlu phai duac kiem tra, gia cong theo TCVN 3015: 19 t 3 va 
chup anh neu cln. 

8.4.4.2. Thi nghiem mdu khoan 

Viec chubn bi mlu, thi nghiem va tilth loan cudng do mau khoan duac thuc hien theo 
TCVN 3118:1993. Neu dang pha huy mlu co gi bat thudng thi cln ve phac lai va no ta 
trong bidn ban thd. 

Mau khoan khdng chua thep 


Trudng hap mlu khoan khdng chua thep thi R ht duac tinh tu cudng do mlu kioan 
theo cong thuc sau: 


R 


hi 


D 

1,5 +1/X 


X Rmk 


o.l) 


trong do: 

D = 2,5 doi vdi mlu duac khoan theo phuong nlm ngang (vdi cau kien due sin 
la phuong vuong goc vdi phuong do betong). 

D = 2,3 doi vdi mlu duac khoan theo phuong thing dung (vdi cau kien due sail 
la phuong song song vdi phuong do betong). 

*. = h/d rak 0.2) 

h - chieu cao mlu khoan. 
d mk - dudng kmh mlu khoan. 

R mk - cudng do nen cua mlu khoan xac dinh theo TCVN 3118: 1993. 

Man co chufa cot thep 

Trong trudng hap khdng tranh duac cot thep thi chi nen dung mlu khoan co thep ta:m 
theo phuong vuong goc vdi chieu cao mlu va phai giam cudng do ciia mau khoan dc anh 
hudng cua thep. 
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Khi mSu khoan co chua mot thanh thep, dd tinh cudng do lap phuong hien trudng, 
can nhan R ht tinh theo 8.1 vdi he so didu chinh k, sau: 

k, =1 + 1,5-Ai_ (8.3) 

d m k h 

trong do: 

d, - dudng kinh cot thep 
d mk - dirdng kinh mSu khoan 

a - khoang each tir true thanh thep den d&u g&n nhat cua miiu khoan 
h - chidu cao cua rnSu khoan 

Khi mAu khoan co chira hai thanh thep nhung each xa nhau mot khoang khong ldn 
lion dirdng kinh thanh thep ldn thi khi xac dinh k, chi can tinh vdi thanh thep co tri so 
d,.a ldn hon. 

Neu khoang each giira hai thanh thep ldn hem dirdng kinh thanh thep ldn thi anh 
hirdng cua chiing dupe tinh den bang he so k 2 : 


k 2 


+ l,5 Id ' a 


d mk ^ 


(8.4) 


8.4.5. Xay dung dudng chuan cho cac phuong phap thi nghiem 

Viec xay dung bieu thi tuong quan giira thong so do cua phuong phap thi nghidm 
(van toe xung V hoac tri so bat naiy N) va cudng do miu lap phuong tidu chuan la vide 
lam toi quan trong, nhat thiet phai thuc hien trude tien vi no quydt dinh dd chinh xac cua 
ket qua thi nghiem. 

Doi vdi cong trinh dang dirqc xay dung, viec xay dung dirdng chuan cho phuong phap 
thi nghiem sieu am dupe tien hanh theo tidu chudn TCXD 225:1998, cho phuong phap 
sung bat nay dupe tien hanh theo 20 TCN 162:1987. 

Truong hop khong dir mSu hoac khong co mlu dd xay dung dudng chuiin cho loai 
betong ciia ket cau kiem tra, dupe phep sir dung mot dudng chuan cua loai bdtong tirong 
tir (vd cdt lieu, ximang, ti le nude - xi mang, tuoi...) vdi didu kien phai hieu chinh dudng 
chuan nay: 

- Cac mau lap phuong tieu chuan cua loai betong kidm tra, due va bao dudng tai hien 
irudng vdi so 1 trong mitu nhu sau: 

+ It nhat 9 mau khi khoi lupng betong cua cac ket cau kiem tra <10m . 

+ It nhat 18 mau khi khoi hrpng betong cua cac ket cau kiem tra <50nr. 

+ It nhat 27 mfui khi khoi luong betong cua cac ket cau kiem tra >50m\ 
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- Cac mau khoan co duong kinh 150mm hay 100mm, khoan tir nhung ket cau kie’m 
tra voi s 6 lupng nhu sau: 

+ It nhat 3 mSu khi khoi lupng betong cua cac ket cau kiem tra <10m . 

+ It nhat 6 mau khi khoi lupng betong cua cac ket cau kiem tra <50nr\ 

+ It nhat 9 miu khi khoi luong betong cua cac ket cau kiem tra >50m 3 . 

Doi vbi cong trinh da su dung, phai khoan mhu tu cong trinh d£ xay dung duong 

chuan voi so luong nhu sau: 

+ It nhat 6 mau khi khoi luong betong cua cac ket cau kiem tra <10m . 

+ It nhat 12 mSu khi khoi luong betong cua cac ket cau kiem tra <50m 3 . 

+ It nhat 15 mlu khi khoi luong betong cua cac k£t cau kiem tra >50m 3 . 

8.4.5.1. Xac dinh khoi luong bo phan ket cau, cau kien can thi nghiem 

So luong bo phan ket cau, cau kien can thi nghiem duoc lay tuy theo nhfmg truong 
hop sau: 

a) Truong hop kiem tra cac b6 phan ket cau, cau kien theo 16 san pham. 

b) Lo san pham bao gdm nhung bo phan ket cau, cau kien dupe che tao tir cung mot 
cap phoi betong, cung mot cong nghe san xuat va bao duorng va dupe tao hinh trong thoi 
gian khong qua mot ngay. 

So luong san pham thi nghiem lay nhu sau: 

Neu 16 san phiim nhieu hon 3 ket cau hoac cau kien, lay 10% so lupng de thi nghiem, 
nhung khong it hon 3 bo phan ket cau, cau kien (thi nghiem 16 san pham co lira chon). 

Neu 16 san pham it hon 3 ket can, cau kien thi thi nghiem tat ca (thi nghiem toan 16 
san pham). 

c) Truong hop thi nghiem ket cau, cau kien, viing don le (ung voi muc dich 3). 

Khi nghi ng6 cha't lupng hoac can nghien cuai kT v6 mot vai ket cau don le thi chi thi 
nghiem rieng nhung ket cau, cau kien vung do. 

8.4.5.2. Xac dinh vi tri va so luong cac viing kiem tra 


Doi voi bo phan ket cau, cau kien ehiu nen, chiu keo lech tarn, co do lech tarn nho va 
bo phan ket cau va cau kien chiu keo dung tarn thi cac vung kiem tra dupe phan bo deu 
tren toan ket cau, cau kien. 


Doi voi bo phan ket cau, cau kien chiu nen, chiu keo lech tarn co do lech tarn Ion va 
ket cau chiu u6n, cac viing ki6m tra dupe phan b6 Iren toan ket cau dong thoi phan bo 6 
viing chiu nen cua cac tiet dien nguy hie’m va cac tiet dien goi tua. 

Truong hop khoan lay mau thi ngupc lai, phai klioan 6 nhung vi tri co ung suat nho, it 
nguy hiem. 
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So lugng va vi trf cac vung kidm tra va so lupng mAu khoan do co quan tien hanh thf 
nghiem chi xay ra tuy thuoc vao kfch thiroc, cong nghe che tao, tfnh chat chiu iuc cua 
ket cAu, cau kien va dupe sir nhat trf cua cac ben co lien quan. 

Doi vdi thf nghiem sieu Am va thi nghiem sung bat nAy, so lupng cac vung thf nghiem 
cAn dap ung yeu cau sau: 

Truong hop kiem tra theo 16 san phAm phai dupe thf nghiem it nhat 30 vung cho loan 
16 va khong it hon 3 vung cho mdi bd phan ket cau, cau kien. 


Trudng hop kiem tra bo phAn ket cau, cau kien don le phai thf nghiem ft nhat 12 vung 
cho mot bo phan ket cau hoac cau kien. 

Vdi cac ket cau khoi Ion noac ket cau phAng cu 1 m 2 thf nghiem ft nhat mot vung, voi 
ket cAu dai (dam, cot) cuf !m phai thf nghiem ft nhat 1 vung. 


8.4.5.3. Kiem tra rtnh nang ky thuat cua thiet bi thi nghiem 


Truoc khi tien hanh thf nghiem, cac thiet bi thf nghiem phai duoc ki6m tra va dat cac 
tfnh nang k! thuat neu trong thuyet minh sir dung cua chung. Cach tien hanh ki6m tra va 
danh gia tfnh nang kl thuAt cua thiet bi dupe neu trong tieu chu^n TCXD 225:1998 va 
20TCN 162:1987. 


8.4,6. Phan tich va danh gia cirdng do betong hien triremg 


8.4.6.1. Xet ede yeu to anh huemg 

Trong qua trinh jrhAn tfch va danh gia cuong do betong hi6n tnromg cAn de* y den 
nhCmg yeu to' co anh huong den no: 

- Sir bien dong ngAu nhien cua cudng do betong hien truemg trong ban thAn mot ket 
cau, cau kien hoac gifra cac ket cau, cau kien do tac dong cua viec can dong vat lieu, 
tron, do, dam betong khong hoan loan nhu nhau hoac do che do duong ho khong dupe 
tuAn thu mot each chat che... 


- Sir bien dong co tfnh quy lual cua cudng do betong hien trudng trong ban thAn mot 
ket can, mot cAu kien: duoi tac dong cua trong lupng ban than, betong a chAn cot, day 
dam, day san thirong co do chac dac va cuong dp cao hon so vdi dinh cot, mat dam, 
mat san... 


- Tudi cua betong 6 cac ket cau, cau kien la khac nhau va cung lam cho cuong do betong 
hien trudng cua cluing khac nhau, nhA't la suchenh lech tudi trong pham vi 28 ngay. 


Sau 28 ngay cirdng do betong khong nhiAu (tir 28 ngay den 6 thang cuong do betong 
hien trudng tang khoang tir 0 den 25%, tir 28 ngay den 1 nam cuong do betong hien 
trudng tang khoang tir 0 den 35%). 


- Dp am cua betong hien trudng tlnrdng khac vdi do Am ciia mAu lAp phuong tieu 
chiiAn khi xay dung dirdng chuain. Dieu nay can dupe luu y khi danh gia cuong do 
betong hien trudng. 
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8.4.6.2. Danh gia cudng do belong hien trudng 

Xu If ket qua thf nghiem va xac dinh cucmg d6 betong hien truong quy v6 mSu 
lap phuong: 

+ Truong hop thf nghiem bang phuong phap khoan la'y mSu thl thuc hien theo muc 5.1.8. 

+ Truong hep thf nghiem bang phuong phap do van t6'c xung sieu am va bang phuong 
phap dung sung bat n^y: ket qua thf nghiem dupe xu ly theo phuong phap thong ke toan 

hoc co su dung dubng chuan da xay dung de xac dinh v ht , Rht, tu do xac dinh cudng dp 
betong hien truong quy ve mau lap phuong theo cong thirc: 

R ht =Rht(l-l,64v ht ) (8.5) 

trong do: 

Rht - cuong do betong hien truong trung binh quy mSu lap phuong 

v h( - h6 so bien dong v6 cucmg do betong hien truong 

1,16 - he so dupe sir dung trong truong hop co ft nhat la 9 s6 lieu thf nghiem. 

Co so de dank gia cudng do hien truong Id ctidtig do yeu can (R y< ) 

R yc se do Chu dSu tu (ciing Tu van thiet ke) dua ra tuy theo tfnh chat chiu luc cua ket 
cau, cau kien va cac yeu cau sir dung cua cong trinh, so' lupng vung kiem tra, mac 
betong, sir bien dong cua cucmg do betong hien truong, nhung trong moi truomg hop 
khong dupe thap hon 1,2R/1,5 = 0,8R. 

trong do: 

R - la cuong do mliu lap phuong dac trung cua loai betong dung dp che tao ket cau 
1,2/1,5 - la he s6 chap nhan theo Ti6u chuln Anh BS 6089:1981 
Ddnh gid along do belong hien tnldng 

a) Cucmg do betong hien truomg cu i cac bo phan kP't cau, cau kidn tren cPng trinh dupe 
danh gia la dat yeu cau khi: R h , > R yc . Luc nay coi la betong o hien truong dat mac thiet 
ke' hoac ket ca'u du sdc chju tai trong thiet ke dP ra, cong trinh dupe phep nghiem thu. 

b) Khi da co R ht , muon tfnh toan ket ca'u theo tieu chu^n TCVN 5574: 1991 can quy 

doi v6 cucmg do trung binh mau lap phuong tieu chuln Rtd - bieu thi mac betong thuc te 
tai hien truomg - dung cong thuc sau: 

Rtd =- : -^- : -:-- (8.6) 

0,8(hoac he so thfch hop do thiet k£ quy dinh)x(l - l,64v) 

trong do: 

v - he so' bien dong v6 cucmg do betong cua cac mau lap phuong tieu chuan 
dupe thf nghiem o trong phong, trucmg hop khong co so lieu thf nghiem cho 
phep la'y v = 0,15. 
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- He so 1,64 la he so bien sai. 

Khi da co R t d se xac dinh cac tri so cucmg do nen R n , cucmg do keo R k ... cua betong 
va sire chiu tai thiet ke cua ket cau theo cac tieu chudn hien hanh. 

8.5. PH HONG PHAP TIA RONGHEN VA PHHONG PHAP TIA GAMMA 

Hai phuong phap nay co the’ dung do khuydt tat cho bat cir loai vat lieu nao: g6, thep, 
BTCT, polyme v.v... Co the dung chung do vi tri cot thep va ducmg kfnh cua no trong 
betong. Cac tia phong xa nay di qua vat va dirqc chup bang phim anh. Kha nang xuyen 
cua tia gamma va tia rcmghen tuy thuoc mat dp cua vat lieu, chi6u day ket can v.v... Neu 
gap khuyet tat hu hong nhir 16 rdng, vet not thi kha nang xuyen qua cua tia se manh hon, 
tren phim anh se co cac vung toi dam khac nhau. Phan tfch anh chup se cho ta suy 
doan v6 khuyPt tat nhir bac sy xem phim chup X quang. Noi chung viec sir dung cac 
phirong phap nay con han che o Viet Nam va can dac biet chu y dam bao an toan 
phong xa. 

8.5.1. Nguyen ly chung 

May chup bang tia X trong cong nghiep dirqc dung tir lau trong viec kiem tra cac moi 
lien ket Hp rap cua ket cau thep (kiem tra moi han). Phirong phap nay m6i dirqc umg 
dung vao betong dir urng lire dirqc phat tridn vao nhung nam 1970. Trong cac nam 1988 
va 1989, cac co so tlurc nghiem v6 cilu dirong da dua vao su dung may chup bang tia X 
co man hinh. 

Nguyen ly co ban cua cac phirong phap: 

+ Bang tia gamma cac ket qua chup tren anh co 30 x 40 dirqc goi la anh chup tia X, 
nguon la mot nguyen to pliong xa: coban hoac Iridium. 

+ Bang may chup tia X: cung phirong phap do nhung ngudn la mot may phat cac tia X. 

+ Bang may soi X: sir nhtln xet va ghi lai hinh anh bang nhung thdi gian thuc, viec 
chup phim dirqc thay bang bo chuyen doi cho ta ngay hinh anh tren man hinh va ngudn 
phat la may phat tia X. 

Nguyen ly co ban deu nhir nhau: do la su giam kha nang chon ioc cua mot tia phong 
xa xuyen qua vat chat nhir sAt, betong va khong khi, su giam cua tia nay theo nhung ti 16 
khac nhau. 

Cac anh chup bang phim hoac anh tren man hinh thu duqc se gidi thieu qua cac mang 
den. tuy cuong do tia xa thu dirqc. tuy nguoi sir dung, co anh mau tir den den trdng, co 
cac mang mau xam 6 giu'a. 

Khi chup hinh anh la am ban, nhung ke< cau thep xuat hien co mau tiAng, khoang 
trong thi mau den va belong thi mau xam. 
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Khi soi, hinh anh la ducmg ban, sat the’ hien mau den, khoang trdng mau tr&ng va 
betong hinh mau xam. 

8.5.2. Nhurng dieu kien de chup anh 

Anh dupe in tren phim la gid'ng het 
nhau ve hinh thuc, giong nhu anh ta ap 
dung bang quang hoc, phai ap dung lu&t 
quang hinh hoc. Trong trudng hqfp chup 
cac thanh vach binh thircmg thi anh dep, 
nhurng khong phai luc nao cung thuc hien 
dupe. Trong thuc te can phai chu y den su 
chenh lech cua hinh anh so vori vj trf that 
cua hu hong. 

De co hinh anh ro va it bi bien dang, 
csin co mot ngu6n dubmg kinh nho s dupe 
dat a mot khoang each ldn L so vdi phim 
chup. Nhu vay nen chon nhurng ngudn co Hinh 8.10. So do hout dong cua phuong phdp 
tSm hoat dong dac trung Ion (do la trudng chieu tia dd mdi han 

hop dung Ir 192 hay Co 60). Con v6 / .Ngudn tia; 2.Thep; 3. Hop phim; 

khoang each ngudn anh ta thudng gidi 4. Phim; 5. Tam chi hdo ve 

han bdi nhurng nhan dinh la: thdi gian 16 sang ti 16 voi binh phuong khoang each nguon 
phim, trong thuc te thudng gidi han d khoang 70cm « 120cm. 

Nhung nguon dung trong may chup gamma Ir 192 phai thoa man nhCmg tieu chuan la 
nang lupng cua tia phat phai tuong doi cao, no phai co du kha nang tham nhap vao 
betong. 
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Chuong 9 

KIEM TOAN CAC B0 PHAN CAU CU 


9.1. KET CAU NHIP DAM THEP 


9.1.1. Cac quy dinh chung ve dac trung vat lieu 


Khi kiem dinh c£u thep, nh&t thiet phai xic dinh mac thep hoac so hieu kim loai de 
co cac dac trung co ly cua vat lieu. Khi can thiet, co th£ \&y mau tren ket c£u de thi 
nghiem nhdm xac minh cac dac trimg do. Khi khong co so lieu vd loai thep hay kim loai 
do thi co the’ sir dung cac dac trimg co ly cung nhu cac he s6 tuong ung cua thep hay kim 
loai tuong ducmg v6 thanh ph5n hoa hoc hay tuong ducmg v6 do cumg. 

Cudng do tfnh toan co ban cua cac loai thep va kim loai thucrng dung, d6i voi cac 
thanh va cac chi tiet chiu keo, trinh bay trong bang 9.1. 

Cudng do tinh toan khi chiu cht hay chiu dp thi xac dinh bang cudng dd co ban (chiu 
keo) nhan vdi he so chuyen doi k, cho trong hang 9.2. 


Cudng do tinh toan cua thep dinh tan va bulong tai cac mdi noi va lien ket thi l&y 
b5ng cudng do tinh toan co ban nhan vdi h t so chuvdn doi k )5 cho trong bang 9.3. 


Bang 9.1. Cudng do tinh toan co ban cua cac loai thep va hop kim 


Loai thep hay loai hop kim 

R(MPa) 

CT3, CT3M, M16C, S37, A37, 16D 

190 

HI2, 15XCH D, S52, A52, !6Mn 

2 60 

Thep due va thep khong biet so hieu (khong biet thanh phan hoa hoc) 

170 

C7T5 lam con lan, lam chot khdp 

200 

CL2 lam dinh tan 

190 

09G2 lam dinh tan 

240 

40X lam bulong cudng do cao, 4^ '. 40Mn 

770 

Gang 

55 


Ghi chit: Cudng do tinh toan cho trong bang 9 .1 da ke den he so dieu kien lam viec tdng quat 
in = 0.9 xet den su khong tuong ung co I he co cua cac tinh chat co ly cua thep d ket cau, sir 
khong chinh xac khi xac dinh cac kluiyet tat cua thep do gi, su sai lech cua ktch thudc tiet dien 
so vdi kich thudc da dung tioiig tinh toan. 
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Bang 9.2. Cac he so chuyen doi k tuy theo trang thai ung suat 


Trang thai ung sua't 

k 

cat 

0,75 

Ep theo dudng kinh khi tiep xuc tu do 

0,04 

' 

Ep theo ducfng kinh khi tiep xuc toan phSn (ep mat cue bp cua khop tru) 

0,75 

Ep mat trfen b6 mat cua canh hay d^u tua 

1,50 


Bang 9.3. Cac he so chuyen doi cudng do tinh toan k, 
cua thep lam dinh tan, buiong 


Trang thai irng sua't 

ki 

Cat trong dinh tan va buldng tinh che 

0,80 

Dirt ddu dinh tan, buldng tinh chP, buldng cuong dp cao 

0,60 

Ep mat dinh tan va buldng tinh che 

0,50 


Ghi chu: Khi tinh ep mat 16 dinh tan, 16 buldng thi he so chuyen doi cung ia'y bang 2,5 lan 
cuong do tinh toan co ban cua thep ket ca'u. 


Cirofng do tinh toan cua md'i han (han tu dong, ban tu dong hay han thu cong) bang 
que han chat luong t6't thi la'y nhtr cuong do tinh toan cua thep co ban. Neu chat luqng 
que han khbng cao, chlng han han tay voi que han co lop boc thuoc, thi cuong do tinh 
toan 1% theo bang 9.4. 

Bang 9.4. Cucmg do tinh toan R h cua moi han khi que han chat luong khong cao 


Loai thep co ban 

Trang thai ung sua't 

R h (MPa) 


Keo 

100 

CT3 va thep due 

Nen 

110 


Cat 

70 


Ghi chu: voi m6i han ngira, cuong dp la'y bang 90% tri so trong bang. 

M6dun dan h6i cua thep E (tinh theo MPa) la'y bang 2,1.10 5 . 

He so dan no vi nhipt cua thep la'y bang 0,000012 

9.1.2. Xac dinh kha nang chiu luc cua dam chu va he dam mat cau 

Kha nang chiu lire cua dam chu va dSm mat cau dupe xac dinh tren co sd kiem toan 
theo cac di6u kipn: 

- Dp ben ung suat phap; 

- Dp b6n ung suat tiep; 
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- Do bbn umg suat tmh dbi; 

- D6 bdn moi; 

- D6 bdn lien ket canh da;.' vbi uon dan.: 

- Do bdn cua moi noi ban than dam; 

- Dibu kien cung; 

- Dieu kien on dinh chung va bn dinh cue bo; 


- Dao dong. 

He dam mat cau con pitai kiem term cac moi noi dam doc vdfi ddm ngang va moi noi 
dam ngang vbi dam chit. 

Noi lire tfnh toan va noi lire tieu chuan dirpe xac dinh theo cac cong thurc cho trong 
quy trlnh thiet ke. 

9.1.2.1. Dam chu chiu uon 


9.1.2.1.1. Kiem todn itng suat pln'tp 

Phai kiem tra ung suat phap cua dam chiu uon tai diem xa true trung hoa nh£t b tiet 
dien giCra nhip; o' nhung vi tri cilt hot ban bien (b chb hang dinh tan thu nhat); dr moi noi 
cac chi tiet cua tiet dien dam; b cac tiet dien bi giam yeu nhibu va cac ti6t dien nguy 


hiem khac thco cong thurc: 


M 

< 3 - —~.v<R 
1 .' 

trong do: 

M l( - momen uon tfnh toan 

I tt - morr.en quan tmh cua tiet dien da trir phfin giam yeu; 
y - khoang each tir true trung hoa den diem tmh ang suat; 
R - cubng do tfnh toan khi uon. 

9.1.2.1.2. Kiem todn Ung suat tiep 


(9.1) 


Ung suat tiep cua dam chiu uon dupe kiem toan b vi tri true trung hoa cua tiet dien 
tren goi, tiet dien hiem yeu nhat, (doi vbi dam ngang la tiet dien theo hang 16 dinh tren 
thep goc lien ket vbi ddm doc), va nhung tiet dien nguy hiem khac, theo cong thurc: 

Q«s„ e 


T = 


,b 


- v<R 


(9.2) 


trong do: 

Q, t - lire cdt tmh toan; 

S IU , - momen tlnh cua phan dien itch nguyen tir true trung hoa den mep mat cki 
lay doi vbi true trung hoa: 
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I - mbmen quan ti'nh nguyen cua tiet dien; 


b - bl rong tiet dien tai true trung hoa; 

R c - cubng db tfnh toan khi cat. 

9.1.2.1.3. Kiem toan itng suat tinh doi 

Kiem tra db bln vl ung suat tfnh doi a diem co ung su£'t phap va ung sua't tiep cung 
Ibn tren mat cat co mbmen uon va luc cat ciing lbn, theo cbng thurc: 


a td = a /o,8o 2 +2,4t 2 <R 


(9.3) 


trong do: a va t - ung suat phap va ung suat tibp tai dilm kiem tra 
9.1.2.1.4. Kiem toan do ben moi 

Kilm tra db ben moi tai dilm co umg suat tiep lbn nhat, tai tiet dien cat bbi ban bien, tiet 
dien gan cac moi han ngang va tiet dien co he so tap trung ung suat cao theo cbng thtre: 


M ’ 

° = 1—y -yR 


T - 


Q \S 


ng 


U b 


- Y R c 


(9.4) 


(9.5) 


trong do: 

M\ Q* - mbmen va luc cat tai diem d! kiem tra moi; 

y - he sb giam cubng db tinh toan khi co xet tori hien tuong moi, tinh theo cbng 
thurc nhu trong quy trinh thiet kb nhung he so tap trung umg sua't [5 lay theo 
bang 9.5, cac ki hieu khac nhu da gibi thieu a tren. 

Bang 9.5. He so tap trung urng suat p tai tiet dien thanh 


So 

TT 

Ti it di£n tinh toan 

He so' 

D 

2 

3 

l 

Doi vbi 16 dinh trong 

1,3 

2 

Doi vbi lb bulong cubng do cao 

U 

3 

Khi co hien tirpng gi be mat vbi do sdu tbi 



a) dubi 0,40mm 

1,0 


b) 0,4 1 - 0,50mni 

1,15 


c) 0,51 -0,70mm 

1,3 


d) 0,71 -1,20mm 

1,9 


e) tren 1,20mm 

2,2 
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1 

2 

3 

4 

Theo cac dinh tan moi noi 

1,3 

5 

Theo hang dinh tan thur nhat chiu cht mot mat, lien ket ban nut vdi thanh, 
co hai nhanh: 



- Ghep bhng ban giving tai nut 

3,0 


- Ghep khong co ban gihng 

3,5 

6 

Theo hang dinh tan thur nhat, chiu cat hai mat, lien ket ban nut vdi cac thanh 

1,7 

7 

Theo hang dinh tan ngoai cimg (cua ddu dhm doc) noi vdi ban ca 

1,9 

8 

Theo hang dinh tan thur nhat lien ket tai vi tn cat bdt ban thep cua bien chiu keo 

1,3 

9 

Theo hang dinh tan thur nhat lien ket tai vi tri cat bdt ban ihep cua bien chiu keo 
vdi hai mat ma sat 



- Khi co ban gihng 

1,2 


- Khi khong co ban giang 

1 4 

10 

Theo hang bulong curdng do cao thur nhat, lam viec vdi mot mat ma sat, lien ket 
ban nut hay ban noi vdi thanh: 



- Khi thanh co hai nhanh ghep ban giang tai nut 

2,2 


- Khi thanh co hai nhanh ghep khong co ban giang 

2,6 

11 

Theo hang bulong curdng do cao thu nhat, lien ket ban nut he giang gio vao 
bien dtSm hay thanh bien (khi tmh loan bien dam hay thanh bien) 

1,3 

12 

Theo hang bulong nfdng do cao thur nhat. lien ket ban nut vdi thanh bien, loai 
tiet dien hai thanh durng, co phan tiet dien dupe noi tn/c tiep khong it horn 90%, 
trong do co 60% trd len vdi hai mat ma sat (khi tmh thanh bien) 

1,4 

13 

Theo hang bulong cudng do cao thur nhat, mot mat ma sat lien ket ban nut vdi 
thanh bien, loai tiet dien hai thanh dung, co phan tiet dien dupe noi true tiep 
chiem (khi tmh thanh bien): 



a) Dudi 60% 

1,7 


b) TCr 60% trd len 

1,5 

14 

Theo hang bulong cudng do cao thu nhat, mot mat ma sat lien ket ban nut vdi 
thanh tiet dien mot thanh durng 

2,2 

15 

Theo hang bulong cudng do cao ngoai cung (cua dau dam doc) noi vdi ban ca 

1,7 

16 

Noi eluiyen tiep sang moi han khong gia edng, noi vdi phan tang cudng: 



a) Khong cd chuyen tiep dieu hoa 

2,1 


b) Cd chuyen tiep dieu hoa 

1,4 

17 

Noi chuyen sang moi han dupe gia cong bang each tao cung tron hay mai dac 
biet, nham giain tap trung ling suat, khi noi cac tarn thep: 



a) Co be rong va be day nhu nhau 

1,0 


b) Cd be rong khac nhau 

1,2 


c) Cd be day khac nhau 

1,3 
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1 

2 

3 

18 

Nai chuyen tiep sang moi han ngang (doi dau): 



a) Khong gia cong ch6 chuyen tiep moi ban sang tain thep co ban 

2,7 


b) Co gia cong co klri 

1,5 

19 

Noi chuyen tiep tir thanh sang chan moi han goc, lam viec chiu cdt dubi tdc 
dung cua lire doc, trong kie’u noi chong ep cac chi tiet 

3,4 

20 

Vinig gan ban chan ngang va sirbn tang cirong, han dinh vao bien chiu keo cua 
ddm va thanh dan bang moi han goc: 



a) Khi han tay va khong gia cong moi han 

1,6 


b) Khi han ban tir dong va khong gia cong moi han 

1,3 


c) Khi han ban tir dong va khong gia cong moi han nhirng co gia cong co khi 

1,0 

21 

0 cho cdt bot mot ban bien (trong hai hoac nhi^u ban) cua da n han trong 
trirong hoji: 



a) Lam mong bbt ban thep (giir nguyen be rong) tbi ch6 cdt bo voi ub vat 1:8, 
va khong gia cong moi han ngang (b dau) 

2,3 


b) Vira lam mong bot (vbi do vat 1:8) vira giam bb rong (vbi do vat j 4) cua 
ban thep. va khong gia cong moi han ngang (cr dau) 

1.7 


c) Vira lam mong bot (voi do vat 1:8) \Cra giam be rong (vbi do vat 1:4) cua 
ban thep, nhirng dung moi hail xien (khong co moi han dau) va co gia 
cong co khi cuoi cac moi him xien de bao dam chuyen tiep dieu hod b chb 
cat ban thep 

1,3 

22 

C) chb cdt ban tang cirong him vao bien chiu keo theo chu vi ma khong gia cong 
moi him 

3,5 

23 

0 chb cat ban noi (ban nut) han vao bien chiu keo theo kie’u chong dp mil 
khong gia cong moi him 

3.2 

24 

0 moi noi hon hop dinh tan - bulong, trong do (hay cac hang dinh tan dau tien 
bang bulong cirong do cno: 



a) Theo hang bulong thir nliat, mot mat ma sat, lien ket ban nut vbi thanh 
gbm hai nhdnh gliep vbi nhau tai vi tri nut bdng ban gidng 

2,5 


b) Nhir tren nhirng khong co ban gidng 

2,9 


c) Theo hang bulong tlur nliat. co hai mat ma sat. lien ket ban nut vbi cac thanh 

1,6 


d) Theo hang bulong cuoiig do cao ngoiii ciing, trong moi noi hon hop dinh 
tan - bulong cua dam doc co ban ca 

1.8 


9.1.2.1.5. Kit'll) toon luai ket can/i clam vdi swan tldm 


Kiem tra do ben chb lien ket canh dam vbi siran dam (lien ket bang dinh tan, bulong 
hay ban) a vi tri goi, b no'i bat drill gian cir li biroc dinh hay giam bb day moi ban, theo 
cac cong thii'c sau: 
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Khi lien ket dinh tan hay bulong: 


Neu banh xe hoat tai tac dong true ticp khong dang ke den lam viec cua dinh tan hay 
bulong: 

— . a < T (9.6) 

11 s 

Neu phai ke den anh hircmg tac dong cue bo cua banh xe: 



Khi lien ket han: 

Neu bo qua tac dong cue bo cua banh xe: 

t = - ? "- . Sc < R (9.8) 

21 ng -Ah 


Neu phai ke den tac dong cue bo cua banh xe: 

t - J_ If Q..- s < T ) ' n d l + M )Pf < R 

-Ah l„ g j ( +2H J - 


(9.9) 


trong cac cong thirc tren, tu (9.6) den (9.9): 

Q t[ - lire cat tinh toan 6 vi trf kiem tra; 

S c - momen tinh nguyen cua dien tfch ban canh doi vdi true trung hoa; 

I ng - momen quan tinh nguyen; 
n h - he so tai trong cua hoat tai; 

(1 +p ) - he so xung kfch; 

a-, - chi6u dai vet banh xe tiep xiic mat cau; 

T - kha nang chiu lire cua mot dinh tan, lay gia tri nho trong hai kha nang chiu 
cAt va chiu ep mat; 

Ah - chi6u day tinh toan cua dirdng han; 

R c - cuong do tfnh toan chiu cat cua duong han; 
a - birac cua dinh tan hay ciia bulong (civ !y giua hai dinh). 

O nhOng vi tri co rnoi noi, ngoai viec kiem tra ling suat cua dam con phai kiem tra 
dinh tan, bulong hay dirdng han theo cac cong thirc da chi ra trong quy trinh thiet ke 
nhimg phai chu y loai bo khong k6 nhirng dinh da mat hay hir hong, mat tac dung. 
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9.1.2.1.6. Kiem toan do cifng dam 
Ki€m toan di£u kien cung theo cong thuc: 

f<(f] 

trong do: 

[f] - do vong cho phep, lay theo quy dinh trong quy trinh thiet ke; 
f - do v5ng 1dm nhat do hoat tai tieu chuan gay ra; 

Vdi dam gian don tinh theo cong thuc sau: 

f _ 5 r iq,d /4 

348EI ng 


( 9 . 10 ) 


(9.11) 


trong do: 

r] - he so phan bo ngang; 

q !d - tai trong phan bo tircmg duong cua dtrong anh hudng momen uon a mat cat gifra; 

/ - khau do tinh toan, 

E - modun dan h6i cua thep. 

Ghi chu: Cong thuc (9.11) c'>? dung de tinh d6 vong o mat cdt giua cua d^m gian don; doi 
vdi cac ket cdu nhip loai khac thi tinh theo cac cong thuc co hoc ket cau 


9.1.2.1.7. Kiem toan on dinh cluing 

Can phai kiem tra on dinh chung cua canh chiu nen cua dam khi chieu dai tu do (lay 
bdng khoang each giua cac nut ciia he lien ket doc trong mat phdng canh chiu nen) cua 
canh lbn hop 15 lan be rong canh doi vdi thep cac-bon va Idn hon 13 lan be rong canh 
doi vdi thep hop kim than: 


cr- 


M .,-y c 

Ing-d 


<R 


(9.12) 


trong do: 

M„ - momen tinh loan. 

y c - khoang each tir true trung hoa cua canh chiu nen den trong tam mat efit; 

(p - he so giam endng do tinh toan khi xet den dieu kien on dinh; 

He so tp nay phu thuoc vao dp rnanh X = IJ r; vdi / 0 la chieu dai tu do cua canh 
chiu nen; r la ban kinh quan tinh cua tiet dien canh chiu nen cua ddm doi vdi true 
hiring dung; 

R - ctrdng do tinh toan cua thep lam dam khi chiu Iuc doc true; 

I ng - i.-omen quan tinh cua tiet dien nguyen. 
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9.1.2.1.8. Kiem toan on (link than/i dilng tren goi 

Phai kiem tra do bn dinh cua thanh durng tren goi de dam bao cho thanh nay 
khong mat bn dinh ra ngoai mat ph4ng subn dam (day la thanh durng quy ubc bao 
gom phan mat cat cua subn dam va mat cat cua subn tang cubng dufng tai mat cat 
tren goi cua dam): 

a = ._Q»—< R (9.13) 

d F 

Mg 

trong do: 

Q,i - li/c cat tmh toan tai mat cat goi; 

F ng - dien tich nguyen cua mat cat thanh dung tren goi bao gbm cac subn tang 
cubng dung tai goi va dai thep phan ban bung co be rong kb tb true thanh ve 
mbi phia la 14 lan bb day ban bung; 

(p - he so giam cubng do tinh toan, phu thuoc vao do manh A., ma X = lJr, b day 
chi6u dai tu do / () lay bang 0,7 khoang each giua cac nut cua he lien ket ngang 
bo trt tai goi; neu lien ket ngang la thep I hay thep U, han hoac tan dinh vao 
subn tang cubng dung tai goi thi / 0 IS'y bang khoang each tir mep dirbng han 
hay dinh tren ding den mep tren subn dam hoac mep dubng han hay dinh 
dirbi ciing den mep dirbi subn dam tuy theo gia trj nao Ion hefn; r - ban kinh 
qtuin tmh cua tiet dien thanh dtrng tren goi lay doi vbi true ndm ngang song 
song vbi true dam; 

R - cubng do tmh toan cua thep lam dam khi chiu lire doc true. 

9.1.2.1.9. Kiem toan on dinh cue ho ciia sitdn dam 


Phai kiem toan bn dinh cue bo cua subn dam trong nhfrng trirbng hop sau: 

a) Khi khong co subn tang cubng dung ma chieu cao tfnh toan cua subn dam lbn hon 
hay bang 50 lan bb day subn dbm (h s > 505 ); 

b) Khi co cac subn tang cubng dung, bo trt each nhau tren 2m hoac 2 Mn h s ; 

c) Khi co cac subn tang cubng dung, bo tri each nhau dirbi 2m hoac dirbi 2. h s ma 
h s > 805 doi vbi thep cacbon, h s > 655 doi vbi thep hop kim thap, trong do h s - chibu cao 
tfnh toan ciia sucm dam, lay bang chieu cao subn neu la dam han, lay bang khoang each 
giua cac hang dinh lien ket canh va subn neu la dam tan ghep; 5 - be day subn dam. 

Cong there kiem tra on dinh cue bo subn dam lay nhir trong quy trinh thiet ke. 

9.1.2.1.10. Kiem toan ve tan so hay chit ky duo dong rieng 

Ket cau nhip phai duoc kiem toan vb tan so hay chu ky cua dao dong rieng de khong 
xay ra hien tuong cong hubng khi co tac dong cua heat tai. Vbi cau tren dubng o to, cau 
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thanh pbo va cau bp hanh chu ky dao dong rieng theo phuong thang dung khong dupe 
nSm trong pham vi tit 0,45s den 0,6s; con chu ky dao dong (lieo phuong nam ngang 
khong dupe trung hoac bang boi so cua chu ky dao dong rieng theo phuong thang dung. 
Chu ky dao dong rieng cua ket cau nhip gian don co the tf ! ih theo cone thuc: 


T = 2ti 



(9.14) 


trong do: 

T - chu ky dao dong rieng, tinh bang sec; 

M - khoi lupng thu gon, tinh theo cong thuc: 

M - (9.15) 

-b 

q - (inn lai ticu chuan phan bo ddu; 

/ - kh^u dp dam; 

g - gia toe trong trirong; 

C- dac trung dp cung, tinh theo cong thurc: 

C=— (9.15) 

5 

- Dp vong theo phuong thang dung hoac nam ngang (tuy theo khi tinh chu ky dao 
dong rieng thang dung hoac nam ngang) khi co tai trong tap trung bang don vi, dat o 
gitra nhip theo phuong tinh dao dong, 

9.1.2.1.11. Kiem todn clam docphu 

Dam doc cua he dam mat cau duoc ki£m toan theo so do dam gian don co khaiu dp 
bang khoang each tim hai dam ngang o hai dau 

9.1.2.1.12. Kiem todn dani ngang 

Darn ngang cua he dam mat cau duoc kiem toan theo so do dam gian don co khan dp 
bang khoang each tim hai dam chu. 

Dctm doc cut d dau ket cau nhip dupe kidm toan theo kha nang chiu momen non tai 
tiet dien noi vao dam ngang khi banh xe cua true nang nhat dung tai dau nuit dPm doc 
nay. Kiem tra line sunt phap theo cong tiui'c (9.1 ). line suat tiep theo cong tlui'c (9.2), 
kiem tra moi noi dam ngang giong nhu ki6m tra moi noi dam doc va dam ngang. 

9.1.2.1.13. Kiem todn lien ket darn doc vd'i dam ngang 

Lien ket dam doc voi dam ngang dupe tinh vdi noi luc Q bang lire cat tinh toan a mat 
cat goi va M bang 0,6 momen non tinh toan tai mat cat giira dam doc khi dp cung tai hai 
goi khac nhau, bring 0,5 momen uon tinh toan tai mat cat giua dam doc khi do cung tai 
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hai goi (hai driu dam doc) nhir nhau Phrii kieni loan theo cac trircmg hop: lien ket co hai 
ban ca tren va dirdi, lien ket chi co ban ca tren va lien ket khong co ban ca. 

a) Lien ket co hai ban ca tren va dtrbi: Trircmg hop nay co the’ xem nhir ban ca chin 
toan bo momen, con lien ket bang thep goc o siron ddm chiu toan bo lire cat. 

Theo didu kien bdn chiu keo cua ban ca: 

a = —. < R (9.17) 

(h,, •*)>■• 


trong do: 

M - momen ubn tai lien ket. 
h d - chibu cao dam doc; 

6 - bd day ban ca; 

b c . - bd rong ban ca co trir 16 dinh. 

Tlieo didu kien bdn cua so dinh lien ket ban a 6i cac dam doc: 


\1 

( h d +^) n 


(9.18) 


trong do: 

n - so dinh lien ket ban ca voi canh J.mi Ooc, 


T - kha nang chiu lire cua mot dmh tan; 

Cac kt hieu khac nhir tiong cong thire ( 9.17) 

Theo didu kien bdn cua so dinh lien ket sub'n dam doc \oi suron dam ngang: 


Q 

0,9 n s 


<T 


trong do: 

Q- lure cat tai lien ket; 

0,9 - he so didu kien lam viec; 

n s - so dinh lien ket siron dam doc mji sir on dam ngang; 

T - kha nang chiu tuc cua mot dmh tan. 
b) Lien ket chi co ban ca tren: 

Tlieo dieu kien bdn cua so dinh lien ket ban ca \oi cauh tren dam doc: 

— ST 

h d n 

Theo dieu kien bdn chiu keo cua ban ca: 


(9.19) 


(9.20) 
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M 


h d b„.6 


<R 


(9.21) 


Theo di6u kien ben cua so dinh noi suan dam ngang vcfi suan dam doc va canh dufng 
cua vai ke: 


Q 


<T 


(9.22) 


0,9n' s 

Trong cac cong thurc tir (9.20) den (9.22): 

n' s - so dinh noi suan d4m ngang vdi suan dam doc va canh dung cua vai ke; 

Cac ki hieu khac - nhu tren. 

Ghi chu: 

- Cong thurc (9.22) la cong thuc gSn dung. Khi c^n xet den tac dung cua vai ke co the dung 
cong thurc chinh xac hon trong quy trinh thiet ke. 

- 0 cac cong thurc (9.17) va (9.21) neu xet den dieu kien b6n moi cua ban ca thi dura them he 
s6 y vao mdu so cua ve trai, tuong irng M l&y la momen d6 ki^m tra b6n moi. 

c) Lien ket khong co ban ca: 

Q 


<T 


(9.23) 


0,7.n 

trong do: n - so dinh lien ket suan dam; 

Cac kt hi6u khac - nhu tren. 

9.1.2.1.14. Kiem toon lien ket dam ngang vai dam chu 

Lien ket dam ngang vai dam chu duac kiem tra theo luc cat tfnh toan b mat cat goi 
cua dam ngang, momen uon tfnh toan duac xet thong qua he so dieu kien lam viec. 

Theo dieu kien ban cua so dinh lien ket thep goc vai suan dam ngang: 

Q 


0,9.n n 


<T 


(9.24) 


Theo dieu kien ben cua so dinh lien ket thep goc vai ban nut: 

—5—<T (9.25) 

0,S5.n, 

Trong hai cong thurc (9.24) va (9.25): 

0,9 va 0,85 - he so di6u kien lam viec; 

n n - so dinh lien ket thep goc vai suan dam ngang; 

n, - so dinh lien ket thep goc vai ban nut; 

T - kha nang chiu lire cua mot dinh. 
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9.1.2.2. Xac dinh kha ndng chiu luc cua dan chu 

Kha nang chiu tai cua dan chu dirge xac dinh qua ki6m toan cac thanh dan, cac ban 
nut va cdng cau. 

Cac thanh cua dan chu phai duqc kient toan ve do b6n, do moi, do 6n dinh va viec 
lien ket dau thanh vao nut dan. 

Cac nut dan phai dirge kiem tra theo diSu kien xe rach. 

Khi kiem toan cong cau phai xet ca t6 hop phu trong do co ke toi luc gio va lire ham xe. 

Khi tinh toan cac dac trung hinh hoc cac thanh dan phai nho tru mat cat bi tieu hao 
do gi va cac hu hong khac. Can chu y den hien tirong do tieu hao tiet dien ma thanh phai 
chiu luc lech tarn nen tao thanh momen phu 

Noi luc trong cac thanh cua dan xac dinh theo cac phuong phap trong quy trinh thiet 
ke nhung phai xet den mat cat thuc cua cac thanh khi dan la sieu tTnh. 


9.1.2.2.1 . Kiem toon thanh chin keo 


Theo dieu kien b6n: 


Theo dieu kien b6n moi: 


N, 


< R 


N' 

y • f,. 


<R 


(9.26) 


(9.27) 


trong hai cong thire (9.26) va (9.27): 

N„, N" - noi lire tilth toan va noi luc de tinh moi; 
F lt - dicn tich mat cat thuc ciia thanh; 
y - he so giant cirdng do tinh toan do moi; 

R - cirdng do tinh toan khi chiu lire doc true. 

9.1.2.2.2. Kiem toan thanh chiu nen 


Theo dihu kien ben diutg cong thuc (9.26), theo cli6u kien moi dung cong thuc (9.27) 
\a theo dieu kien on dinh dung cong (hire: 


N 


— < R 


d.F, 


(9.28) 


trong do: 

F : n „ - dicn tich mat cat nguyen; 

ip - he so giant cubng do tinh loan khi xet on dinh, cp phu thuoc vao do ntanh 
/. - chieu dai tu do / () , cac ky Itieu kltac nhu a cong thuc (9.26) va (9.27) 
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9.1.2.2.3. Kieni toan thanh chiu keo uon dong thai 


Theo do ben: 


Theo do ben moi: 


N„ M 


CT = - 


— <R 


F W 

1 tt 


N ’ M* _ 

ct =-+-<y.R 

F W 

1 » TV tt 


(9.29) 

(9.30) 


trong hai cong thuc (9.29) va (9.30): 

N„, M„ - noi luc tfnh toan; 

F„, W tt - dien tfch va momen chong uon thuc cua mat cat nguy hiem nha't; 

N’, M’ - noi luc dd’ tinh moi; 
y - he so giam cuong do tfnh toan do moi; 

N M 

R - cuong d6 tfnh toan. My bang cucmg do tfnh toan khi uon neu —- < ——, lay 

F„ W„ 

bang cuong do tinh toan khi chiu luc doc true neu nguoc lai. 

Thanh chiu nen uon d6ng thoi, ngoai kilm tra dieu kien bdn va bdn moi theo cong 
thufc (9.29) va (9.30) con phai ki^m tra dieu kien 6n dinh theo cong thiic (9.28), khi do 
he so cp khong nhufng phu thuoc vao do manh X ma con phu thuoc vao do lech tarn 

M 

tuong doi i = e/p, trong do do lech tarn e = —~ , ban kinh loi tiet dien theo phuong lech 

N ,, 


tarn p = 


w. 


ng 


ng 


Trong truong hop mat phang co do manh lbn nhat khong trung vdi mat phing uon thi 
trong cong thuc (9.28) thay cp bang cp 2 vdi: 

3 


d 2 =— 

1 + icpd 

trong do: 

cp - lay theo mat phang co do manh ldn nhat; 
i - do lech tam tuong doi la'y trong mat phang bi uon. 

D6 kiem tra do bln moi theo cong thuc (9.30) momen M’ lay nhu sau: 

M, 


(9.31) 


M' = 


1± 


‘tc 

i3*c 
vN 3 j 


(9.32) 


trong do: 

M tc , N tc - momen uon va luc doc tieu chuan; 
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Trudc so hang thu hai a mfiu so, la'y d&u (+) khi lire doc la lire keo, lay dau (-) 
neu la lire nen; 

Nj - lire toi han Euler (Ole), tmh theo cong thuc: 


tc-.E.T, 
N, = s 


/, 


o 


(9.33) 


trong cong thuc (9-33) 

I, - momen quan tfnh nguyen cua mat cdt thanh; 
l n - chi6u dai tir do lay trong mat piling uon. 

9.1.2.2.4. Thanh chin nen co mat cat $hep tu cue nhcinh 

Con phai ki6m toan thanh giang hay ban gmng theo cac cong thuc trong quy trinh 
thief ke. 


9.1.2.2.5. Doi vai thanh dan 

Con phai kiem tra ch6 lien ket dau thanh vao nut dan. 
N£u dau thanh lien ket vao nut dan bang dinh tan: 


N, 


n 


M t r . 

■ + —=~sma 




I 1 


4" 


> 


M r 

■ T1 ti -‘max 

Xe 


cos a 


<T 


trong do: 

N n , M 1( - noi lire tfnh toan; 

r, - khoang each tir dinh thu i den trong tarn nhom dinh; 
r max - khoang each tir dinh xa nhat den trong tarn nhom dinh; 


a - goc giua ban kinh r max va true thanh; 
n - so dinh lien ket a ctfiu thanh. 

Ncu dau thanh lien ket vao nut dan bang ban: 



M„.r . 1 

-!UHi slll0 i | + 

! 


v 


VI r 

‘ v, n •'max 


cos a 


<R 


trong do: 


K - mat cat tinh toan cita dnong han: 

J (> - momen quan tmh cua mat cat tinh toan ducfng han; 
R - cirons do tinh toan chin cat ciia dudng han; 

O’ 

cac ki hieu khac - nhu trong cong thuc (9.34) 


(9.34) 


(9.35) 
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9.1.2.2.6. Ban nut dan duoc kiem tra theo dieu kien xe rdch 


0,9 .ZFj .Rj >N„ (9.36) 

trong do: 

0,9 - he so didu kien lam vide. 

Fj, Rj - phcin dien tich va cudng dd tfnh toan tuong ung. Khi true thanh vuong 
goc vdi dien tich Fj thi R, lay bang cudng do tinh toan khi chiu lire doc true 
R 0 ; Khi F, xien vbi true thanh 60° thi R, lay bang 0,75 R 0 ; Khi Fj song song 
voi true thanh, R ; lay bang cudng dd chiu cat; Cac trudng hop trung gian lay 
theo noi suy. 

N„ - luc doc tfnh toan gay ra xe rach. 

Khi can kiem tra them didu kien bdn cua mot vai mat cat ban nut chiu keo hay nen 
dong thdi vdi chiu uon. 

9.1.2.2.7. Xdc dinh khd ndng chiu life cua he lien ket doc, cong can va goi can 

Cac thanh cua he lien ket doc (giang gio) phai kiem toan theo dd 6n dinh khong dupe 
vupt qua tri so do manh cho phep sau day: 

- Vdi lien ket doc bo trf trong mat phang ma chiu keo cua dan chu: 200. 

- Vdi lien ket doc bo trf trong mat phang ma chiu nen cua dan chu: 150. 

Khi tfnh do manh, chidu dai tu do cua cac thanh trong he lien ket xac dinh nhu tfnh 
chidu dai / c cua cac thanh trong dan chu. Khi thanh ma dan chu co mat cat hai ban dung 

thi chieu dai hinh hoc cac thanh he lien ket doc lay bang chieu dai dudng tim tfnh tir cac 

ban dung phia ben trong cua thanh ma. 


Cac thanh xien hay thanh dung d goi cua dan chu, dong thdi lam nhiem vu chan 
khung cong cau, phai dupe kidm toan vdi noi luc do tTnh tai, hoat tai thang dung va tai 
trong gio theo phuong ngang cdu gay ra. 


Theo didu kien bdn: dung cong thuc (9.29) kiem tra vdi chu y la trong N„ va M„ co ca 
luc doc va momen uon do tai trong gio sinh ra d mat clt chan cong cau. 

Theo dieu kien on dinh: dung cong thufc (9.28) va kiem tra theo thanh chiu nen uon 
dong thdi. Khi kiem tra l^y M„ la gia tri ldn nhat d doan giua co chieu dai b&ng mot 
ph^n ba chidu dai chan khung edng cau va chi xet on dinh trong mat phing cua khung 
cong cau tuc la thanh bi uon ra ngoai mat ph^ng dan chu. 

Kiem tra cac that goi chiu ep mat, trong khdp hinh tru (vdi goc tiep xuc trung tarn 
cua cac bd mat bang hay ldn hon 90°) theo cong thuc: 


A 

l,25r./.m 


<R 


cm 


(9.37) 
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(9.38) 


Tfnh con lan chin nen theo dudng kinh dung cong there: 

2n.r./.m 

trong hai cong thiVc (9.37) va (9.38): 

A - ap life tac dong len goi; 

r - ban kmh cong cua bP mat khdp hoac con lan; 

I - chiPu dai con lan; 

n - so con lan; 

m - he so diPu kien lam viec m = 0,9, 

R em , R k - cirdng do tinh loan khi chiu ep mat va chiu nen theo dudng kmh. 

9.1.3. Xet anh hirong cua cac hu hong va khuyet tat 

Anh hirong cua gi phai diroc xet den khi kiem tra kha nang chiu lire bang each: trong 
cac cong thuc tinh toan, cac dac trung hinh hoc mat cat diroc dir a vao d6u da phai tru 
phan hi giant yeii do gi di 

Khi kiem toan do b6n moi con pluti xet den he so' tap trung ung suat do bi gi’, he so 
nay cho trong bang 9.5. I n ca nlmag chb loot, nltung \ct mit lam giant veil mat efit 
ciing phai dupe tinh den klii xac dinh cac dac trung hinh hoc. Trong cac dac trung hinh 
hoc chi tinh phan mat cat khong bi kliuyet tAt, lAy den each mop cho lont hoac vet nut tu 
3 deit 5mm. Vdi cac vet nirt da kltoan 16 de ngan chan khong cho nut phat trien, thi mat 
cat tinh toan dupe ke den mep 16 kltoan. 

Chii y khi kiem toan thanh chiu kco, chiu nen nta phart mat cat bi tieu hao khong do'i 
xung thi sc lam cho trong tarn mat cat tha - . doi, liic do can pltai xet th6m momen phu do 
hien tirpng nay gay ra. 

Khi kidm tra kha nang chin lire cua ke cau, neu co bo phan bi cong venh thi phai xet 
den hien tirong nay. Tit anh chiu nen bi i ang voi dubng ten f vupt qua IJ400 cho thanh 
ghep hoac tie) dien chit H va l,7p cho thanh tiet dien chu L (voi / c - chi6u dai tu do; p - 
ban kinh loi tiet dien), anh liubng cua khuyet tat cong venh nay dupe xet thong qua he so' 
udn doc (p . He so uo'n doc rp trong tru'emg hop nav lay theo bang 9.6. 

Neu thanh ghep nta nhanii cua thanh hi cong voi f viro’t qua IJ 250 thi dien tich mat 
cat tinh loan chi dupe ke nltung phan khong bi cong. 

Tltanli chiu nen co ban thep hay tliep goc bi cong cue bp vdi f lou hon f, thi khong ke 
cac ban then hay thep goc ay vao tiet dien tinh toan (p, ban kinh loi cua phan bi khuyet 
tat, lay a phuoiig doi lap vdi do lech tain). 
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Bang 9.6. He so udn doc <p vdi thep cac bon 


manh 

0 

0,10 

0 

0,93 

0,85 

10 

0,92 

0,84 

20 

0,90 

0,83 

30 

0,88 

0,81 

40 

0,85 

0,79 



(0,77) 

50 

0,82 

0,76 


(0,80) 

0,73 

60 

0,78 

0,72 


(0,73) 

0,66 

70 

0,74 

0,67 


(0,66) 

0,60 

80 

0,69 

0,62 


(0,60) 

0,54 

90 

0,63 

0,56 


(0,54) 

0,49 

100 

0,56 

0,49 


(0,49) 

0,44 

110 

0,49 

0,43 


(0,44) 

0,40 

120 

0,43 

0,39 


(0,41) 

0,37 

130 

0,38 

0,35 


(0,37) 

0,34 

140 

0,34 

0,31 

150 

0,31 

0,28 

160 

0,28 

0,26 

170 

0,15 

0,24 

180 

0,23 

0,21 

190 

0,21 

0,20 

200 

0,19 

0,19 

Ghi chu: So trong ngoac 





0,50 

0,75 

1,00 

1,50 

2,00 

0,68 

0,60 

(0,58) 

0,52 

(0,50) 

1 

IISIM, 

0,35 






0,68 

0,60 

0,52 

0,42 

0,35 

(0,67) 

(0,57) 

(0,50) 

(0,40) 


0,67 

0,58 

0,50 

0,41 

0,34 

(0,66) 

(0,56) 

(0,49) 

(0,40) 


0,65 

0,56 

0,49 

0,40 

0,33 

0,63 

0,54 

0,47 

(0,39) 


0,63 

0,54 

0,47 

0,39 

0,32 

0,61 

0,52 

0,45 

(0,38) 


0,60 

0,51 

0,45 

0,37 

0,31 

0,57 

0,49 

0,43 

(0,36) 


0,57 

0,49 

0,43 

0,35 

0,30 

0,53 

0,46 

0,41 

(0,34) 


0,54 

0,46 

0,41 

0,34 

0,29 

0,48 

0,42 

0,38 

(0,32) 


0,50 

0,43 

0,38 

0,32 

0,28 

0,43 

0,39 

0,36 

(0,31) 


0,45 

0,40 

0,36 

0,30 

0,25 

0,40 

0,36 

0,33 

(0,28) 


0,41 

0,37 

0,33 

0,29 

0,25 

0,37 

0,33 

0,30 

(0,26) 


0,37 

0,34 

0,31 

0,27 

0,24 

0,34 

0,31 

0,29 

(0,25) 


0,34 

0,3^ 

0,29 

0,25 

0,22 

0,31 

0,28 

0,27 

(0,23) 


0,31 

0,29 

0,26 

0,23 

0,21 

0,29 

0,27 

0,25 

(0,22) 


0,28 

0,26 

0,24 

0,21 

0,20 

0,27 

0,25 

(0,23) 



0,25 

0,23 

0,22 

0,20 

0,18 

0,23 

0,22 

0,21 

0,19 

0,17 

0,21 

0,20 

0,19 

0,17 

0,16 

0,19 

0,19 

0,18 

0,16 

0,15 

0,18 

0,17 

0,16 

0,15 

0,14 

0,18 

0,17 

0,16 

0,15 

0,14 


KO 




4 0/ 

' o; 
o,- 
0 / 
0 ,' 
o; 
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Bang 9.6 (tiep). He so uon doc <p voi thep hop kim thap 
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9.2. KET CAU NHIP DAM BTCT THUGNG 


9.2.1. Nguyen tac chung 

Cong tac ki£m toan cau BTCT thudng, nham: 

- Xac dinh kha n&ng chiu tai cua cau doi vdi tai trong doan xe tieu chuSn; 

- Xac dinh kha nang chiu tai cua ctiu cho mot xe cu the ctin chay qua; 

- Tinh cac tri so ung suat, bidn dang cua cau de’ so sanh vdi ket qua thu tai. 

Kha n£ng chiu tai cua cau dirge xac dinh theo kha nang chiu tai cua bo phan nao (ket 
cau nhip, tru, mo...) co kha nang chiu tai thap nhat. 

Khi chi kiem dinh phan ket cau nhip (tru, mo... khong co van de gi, hoac chua co 
dieu kien kidm dinh) thi kha nang chiu tai cua ket cau nhip dirge lay theo kha nang chiu 
tai cua bo phan yeu nhat (dam chu, d£m dpc, dam ngang, ban mat crhi v.v...). 

Trong lugng rieng de’ tinh trong lirgng ban than cac cau kien bdtong va BTCT lay theo 
bang 9.7. 


Bang 9.7. Trong lugng rieng cua betong va BTCT 


Vat lieu 

Nam thiet k6' 

1906-1937 

1938-1961 

Be tong 

2200 

2400 

Be tdng cot thep 

2400 

2600 


So d6 va kich thude cua hoat tai thang dung cung nhu quy tSc bo tri hoat tai, he so lan 
xe, he so dong luc la'y theo tieu chu^n cua nam thiet ke. 

Khi khong xac dinh dugc cac so li6u v6 tai trgng thiet ke, ung suat cho phep... dng 
vdi nam thiet ke thi phai tinh vdi loa ; tai trong thiet ke nho hon hoac lay cac so lieu ring 
vdi noi luc nho hon cua noi luc dd xac dinh kha nang chiu tai cua ket cau. 


9.2.2. Xac d|nh noi luc cho phep do boat tai gay ra 


Kha nang chiu hoat tai dugc bi6u thi bang mot xe (banh lop - banh xich) hoac kidm 
toan cho mot loai xe cu the d£ xac dinh kha nang noi luc cho phep do hoat tai gay ra 
dugc tinh theo cong thuc sau: 

Theo didu kien cubng do: 


[s] = — ^ n - f - ' Sg 


Tlieo didu kien do bdn chong nurt: 


(9.39) 
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( 9 . 40 ) 



s* h,1, -X Sg 

0,8 


trong hai cong thuc tren: 

S ghl - noi tire (momen uon, luc cat...) gidri han ma mat cat cua cau kien phai chiu 
theo didu kidn cuong do, tinh toan theo quy tnnh thiet ke cau hien hanh 
hoac theo cac di6u hirong dan a chuong nay; 

s gh in 

- noi lire gidfi han ma mat cat cua cau kien phai chiu theo dieu kien do ben 
chong nut, tinh theo quy trinh thiet ke cau hien hanh; 

S g - noi lire trong mat cat cau kien do trong lupng ban than gay ra; 

n g - he so vuot tai ciia tlnh tai; 

n k - he so vuot tai do hoat tai don chiec hay xe nang cu the gay ra. 

Tri so dupe lay de tinh toan se la gia tri nho hon trong hai dieu ki6n tren. 

Khi kidm toan voi doan xe 6 to tieu chu^n thl noi luc cho phep do hoat tai gay ra 
dupe tinh theo cong thurc sau: 

Theo didu ki6n cuong do: 



S ?h '-2:n E .S f -„ 1 .S, 


n 


,-0+n)* 


( 9 . 41 ) 


Theo dieu ki6n do ben chong nirt: 



s fhi "-ys„-s, 


( 9 . 42 ) 


trong hai cong thuc tren: 

n t , S t - hd so virpt tai va noi lire do tai trong nguoi di tren duotig bo hanh cua cau 
gay ra tai mat cat cua cau kien; 

n a , (1 + p), e - he so virpt tai, he so xung kich va he so lan xe cua tai trong doan 
xe oto; 

Cac ki hicu khac - nhu 6 hai cong thuc (9.39) va (9.40). 

Momen uon tieu chuan tai mat cat trong cac can kien BTCT, dupe xac dinh theo 
cong thtre: 


M^=M 


R 


nr r u f 

KJ 


m f .m. 


( 9 . 43 ) 


trong do: 

M n - momen toan phan trong mat cat cau kien, tinh theo tieu chuan cua nam thiet ke; 
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R a - cuong do tinh toan cua cot thep theo tieu chuln thidt ke hien hanh 
[cr a ] - ting suat cho phep cua cot thep theo tieu chuln nam thiet ke; 


m f - hd so xet den cac hu hong cua cau kien, neu khong co hu hong thi m f = 1,0; 

m v - he so didu kien lam viec, doi vdi cac cau kien cua he dim cau dd tai chd co 
xet den hieu umg vom (xem bang 9.8). 


Bang 9.8. Hd so lam viec co xet den hieu urng vom 


Clu kien va dac trung 

m v 

Ban mat clu co 

Khi 2/3 < a/b < 3/2 

1,25 

cac canh la a va b 

Khi'a/b < 2/3 

1,10 

Dim phu nhilu nhip ngang 


Cac nhip giCra 

1,20 

va doc 


Nhip bien 

1,10 

Dim ngang mdt nhip 



1,10 


Trong tinh toan khi dung dd'n cac so lieu vd cuong do cua vat lieu va co xet den cac 
hu hong, khuydt tat thuc te thi: 


- Cucmg do betong lay theo cucmg dd va modun dan hdi thi nghiem duoc tu mSu 
khoan lay thuc te trong ket ca'u, hoac co duoc qua xu ly cac k6't qua thur nghiem bang cac 
phucmg phap khong pha huy (sieu am, phong xa, bua g5 hoac sung ban...). 

- Cucmg dd cua thep lay theo so lieu trong hd so kT thuat cua cau hoac can cu vao ket 
qua thi nghiem mau thep thuc te lay tu cau. 

- Nhung chd belong bi sut vd, neu d mien bi keo thi bo qua, neu thupc midn chiu nen 
thi j>hai xu ly bang each giam dien tich midn chiu nen tuong ung. 

- Cot thep bi cat durt hoac bi gi phai xu ly bang giam dien tich cot thep tuong urng 
trong tfnh toan. 


9.3. KET CAIJ NHIP DAM BTCT DUUNG LUC 


9.3.1. Nguyen tic chung 

Phan nay hudng din cac tinh toan khi kiem dinh cac ket clu nhip cau betong du irng 
luc thuoc cac he dam gian don, dim hlng, dam lien tuc - co cot thep du ung lire dupe 
keo cang truoc hoac sau khi due betong. Cac chi din nay khong ap dung cho cac ket can 
du ung lire ngoai. Khi kidm dinh cac clu khung bang BTCT du ung luc, co the tham 
khao, van dung cac hudng din d day. 

Cac tinh toan kiem dinh dupe tien hanh theo phuong phap cac trang thai gidi han, phii 
hop vdi cac quy dinh trong tieu chuan thiet ke cau hien hanh. Can thuc hien kidm toan 
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vi cuong do, vet nixt, vi do vong, v6 chuyen vi doi voi ta't ca cac bo phpn chu yeu cua ket 
cau: ban mat cau, dam doc, dam ngang, ket cau chiu lire chfnh, goi cau. Rieng ki&n toan 
vi dao dong th'i chi thuc hien voi ket cau dam chu, khung chu. 

9.3.2. Cac dac trimg vat lieu betong, cot thep 


Mac betong cua ket cau lay theo ho so ky thuat cua cau. Khi khong co ho so ky thupt 
thi co the van dung cac each lam sau: 

Phuong phap dang tin cay nhat la thi nghiem tren mau betong dupe khoan lay ra true 
tiep tu ket c£u thirc. Rich thuoc mSu, vi tri lay, phuong phap khoan, noi dung thi 
nghiern... can thuc hien theo d6 cuong chi tiet dupe duyet. 

Ngoai phuong phap tren, cac phuong phap khong pha huy la cic phuong phap gian 
tiep - thong qua cac thong so vat ly, khong lam tdn thuong den ket c^u, nhu dung ky 
thuat xung sieu am, phong xa, sung bat nay, bua go... de' xac dinh tinh chat co ly cu the 
cua vat lieu - co the dupe dung de’ kie’m tra do d6ng dfiu va cho cac so lieu tham khao. 

Khi ket hop chat che voi phuong phap true tiep ep mau thuc noi tren, lay so lieu noi 
da lay mau thuc dem di ep lam chuan, thi cac phuong phap khong pha huy co th£ cung 
cap cac so lieu vi mac (cuong do) betong thuc te cua ket cau o tat ca cac noi ta can thiet. 
Khi su dung may do xung sieu am ket hop voi sung bat na’y can tuan thu cac chi din cua 
Tieu chuan 20 TCN 171 : 1989. 


Can do thu va tap hop so lieu ve cuong dp belong Ihtrc te, rieng biet 6 cac vi tri mat 
cat dac trifng, tai cac chP hu hong hay co khuyet tat cua tung bo phpn cua ket cau nhip 
cSu. Ket qua do dac phai duoc thong kc, xir ly de xac dinh tri so cubng dp tieu chuan dac 
trung cho betong cua tung bp phan rieng bipt. 

Mac betong thuc te Z cm dupe lay la tri so ky vong toan hoc sau khi da xu ly cac so 
lieu do dac da thong ke dupe (co the lay mot each gan dung bang tri so trung binh cong 
cua tat ca cac so do sau khi da loai bo cac so lier. vo ly, theo quy tSc thong ke). 

Cuong dp chiu nen dac trung cua betong thuc te, ky hieu la Z c , la tri so ung voi xac 
suat 0,95 sau khi xu ly thong ke cac so lieu do theo quy tac toan hoc. 

Mdc do dong dPu chat lupng betong cua mot bp phan ket cau nao do co thS dupe 
danh gia so bp theo chi tieu sau: 

- Neu mac betong thuc te Z cm < 1,1 Z c thi chat lupng betong la d6ng deu; 

- Neu mac thuc te Z cm > 1,35Z C thi chat lupng betong la khong dong dPu. 

Cuong dp chiu keo dac trung cua betong, ky hieu la Z ( , dupe xac dinh quy uoc theo 
cong thuc: Z, = 0,6 + 0,06Z C (don vi MPa). 

. Cac tr; so ling suat gioi han cua betong khi khai thac dubi tac dong cua bat ky to hop 
tai trong nao dPu phai diroi cac gioi han sau: 


259 



- Ung suat nen khong dupe 1cm horn 0,5Z C 

- Ung suat keo khong dupe lorn hon 1,5Z, 

Cac tri so nay cung dung dd kidm toan va quyet dinh tai trong se dung de thu tai cfiu. 

Cudng do tinh toan chiu nen cua betong 8^ khi kie’rn toan theo trang thai gidi han pha 
huy duoc lay bang: 

Z C1 

8^ = 0,85-^- (9.44) 

Tb 

Vdi y b la he so tin cay cua vSt lieu = 1,3. 

Cudng do tinh toan chiu cat truot cua betong 5 ct khi ki6m toan theo trang thai gidi 
han pha huy dirqc lay bang: 

6 ct =0,15— (9.45) 

Yb 

Modun bien dang cua betong: 

Khi tinh toan dirdi tac dong cua hoat tai, lay theo modun bien dang tuc thdi: 

Ej =1 100(MPa) (9.46) 

Khi tinh toan dirdi tac dong cua tinh tai, lay theo modun bien dang doc dai han (bao 
gdm ca bien dang tdc titdi vdi bien dang tr8): 

E v (MPa) (9.47) 

Cirdng do dac ti urng ung vdi gidi han keo dut cua cot thep cudng do cao trong ket cSu 
betong dir img lire dupe lay theo ho so thiet kd hay ho so hoan cong. Khi khong co hd 
so, co the tham khao cac tri so sau day, nhung phai ghi chu ro: 

Vdi cac dam BTCT du ung luc d mien BSc ma dung loai bo cap gdm 24 spi 5mm 
song song itii lav theo so lien cot thep spi cudng do cao <j> 5mm do Nga san xuat. 

Vdi cac dam BTCT du ung lire gian don, kidu dinh hinh theo ti6u chuan My d mien 
Nam, lay theo so lieu cap xodn 7 spi co do tu chung thong thudng da ghi trong tieu 
chuan cau otd cua My (AASHO hay AASHTO). 

Vdi cac dam du ung luc da biet dung cot thep cuong do cao do Nga sru xuat thi trong 
tinh toan lay tri so nhu trong bang 9.9. 

Vdi cac ddm dir ung lire dung cac bo xoSn 7 spi do nude ngoai san xuat theo tidu 
chuan AS I'M 416/80 cua My, de tliicn vd an toan co thd dung cac tri so ung vdi loai co 
cudng do than nhat (cap 20 Kpsi); 
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Duong kinh danh dinh bo xoan 7 spi: 12,7mm 
Dien tich mat c/it mot bo: 9 3 nr 
Cuong do dac tiung Z s ' = 1 600MPa = 160 kN/cnr 
Gibi ban dan hoi quy ubc, ung vbi do dan 1% 

Z c = 1442 MPa = 144,2 kN/cnr 


Bang 9.9. Cuong do tinh toan cua cot thep cuong do cao dang soi don, 
bo soi song song, bo soi xo^n do Nga san xuat (MPa) 


Duong kiiih 

Cuong do tinh loan chiu keo 

.... 

Spi Iron tron 

Spi co go 

3 

1120 

1100 

4 

1060 

1030 

5 

1000 

940 

6 

940 

885 

7 

885 

825 

8 

825 

765 


Tri so cuong do tinh toan cua cot thep dir ihig lire bo xoSn 7 spi trong cac tinh toan 
theo trang thai gibi ban pha buy duoe lav la: 


7 - S' 


1-0,5 


V 


P*Z 

z. 


. x 


(9.48) 


Dbi vbi cot thep co dinh bam vbi belong 

z su=Z se +103,4 (MPa) 


(9.49) 


trong do: 

A * 

P * = — 51 — ty so giira cot thep du ung lire vbi dien tich co hieu qua cua mat c&t dam; 
b.d 

A* s - dien tich cot thep du ung lire bo xoitn 7 soi; 
b - be rong cua subn dam; 

d - cir ly tir thb bien chiu nen tbi tarn cua dir ung lire; 

Z sc - du ung suat co hieu qua trong cot thep sau khi da tru cac mat mat. 

Modun dan hoi quy irbc: 

Dbi vbi dam va khung dung cot thep soi cuong do cao (J)5mm do Nga san xuat thi lbfy 
E s = 180 000 MPa; 
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Doi vdri ddm BTCT dir ung lire keo trade, kidu Chau Thdi d midn Nam, cot thep bo 
xoan soi cudng dd cao thi lay E s = 200 000 MPa. 

Dd thidn vd an toan, trong qua trinh tmh toan mat cat dam chi xet den ung lire theo 
trang thai pha huy, khong xet den sir co mat cua cot thep thirdng. Vi vay d day khong co 
quy dinh vd tri so cucmg dd tmh toan cua cot thep thudng. 

Modun dan hdi cua cot thep thudng, bat kd ngudn gd'c, deu lay bang: 

E s = 210 000 MPa. 

Cac dac trung cua cac vat lieu khac: Doi vdi cac loai vat lieu khac, nhu keo dan trong 
cac moi noi cua ket cau dam lap ghep nhieu ddt, cung nhu vat lieu deo trong cac loai goi 
cau bang chat deo, phai dua vao hd so thiet ke ban dau dd lay so lieu cho tinh toan. 
Nhung ket qua tmh toan chi co gia tri tham khao. Ndu thieu ho so cii thi phai can cu vao 
ket qua thu tai chung, cua ca ket cau nhip va go'i, dd chan doan tinh trang ky thuat cua 
moi noi va cua goi cSu. Khi do cSn tien hanh cac tmh toan theo mot so gia thiet khac 
nhau dd’ lay tri so' tham khao. 

9.3.3. Kiem toan, xac dinh nang lire ch{u tai 


93.3.1. Tinh toan noi luc cua ban mat cau 

Can cu vao c&'u tao ma chon lira so do tinh la ban h&ng, ban ke 2 canh hay ban ke 
4 canh. 


Doi vdi c<iu lap ghep co moi noi d ban hay dam ngang co hu hong, tuy theo thuc 
trang va muc do hu hong ma dd ra cac sodd, gia thid't khac nhau dd tinh noi lire khi chin 
luc cue bo, vf du nhu thanh ban hang, ban noi cho't co hai canh ngam, ... 

Khi tmh toan s(< bo tha'y khong bao dam an toan, thi nhat thiet phai thu nghiem de do 
irng suat va chuydn vi dudi tac ddng cua hoat tai, dd co can cu ket luan \e kha nang chiu 
lire thuc te' cua ban. 


Vdi cau ban lap ghep co moi no'i kidu chot, khi kidm tra phat hien hu hong d lien ket 
chdt thi, ngoai viec tinh noi lire theo so do ban noi chot, con phai tmh theo so do cac 
nhom ban noi chdt lam viec doc lap vdi nhau. 


Neu ket qua tinh toan noi lire va ket qua tinh duyet mat cat cho thay ban khong 
du kha nang chiu luc thi nhat thiet phai thu tai va do dac cu the de co ket luan 
chinh xac hon. 


Vdi moi so dd tmh hoc cua ban, co thd dung cac phuong phap co hoc ket cau de xac 
dinh noi luc va ung suat trong ban nhir: tra cac bang tinh san; hoac dung cac phuong 
phap tinh chinh xac hon nhu phuong phap sai phan hiru han, phuong phap pban tu huu 
han v.v... 
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93.3.2. Tinh toan noi luc trong dam chu 

Dd co dupe sir phan bo ngang chinh xac cua tai trong, can khao sat ky hien trang cua 
ket cau nhip, nhat la he ket cau ngang (dam ngang, ban mat cAu). Cach t6't nhat la do do 
v5ng cac dam chu dudi tac dong cua hoat tai dung yen tren cau, theo so d6 bat loi nhat, 
tuong ring vdi dircmg anh hudng cua noi luc (mdmen hay lire cAt) cua mat cat dac trung 
dang xet. Sau do tmh he so phan bo ngang tuong irng. 

Khi tinh loan so bo trude khi thir tai, hay khi khong co didu kien thir tai, co thd van 
dung cac phuong phap gAn dung, tinh toan sir phan bo ngang cua tai trong theo cac ly 
thuyet co hoc. Trong cac trudng hop nay, can de ra mot so so do tinh hoc khAc nhau, 
phu hop vdi cau tao thuc te va nhung hu hong cu the cua ket cau nhip. Cac so do nav 
phai phan anh dupe tinh hudng lac quan nhat, tinh hudng bi quan nhat va mot so tinh 
hud'ng trung gian. 

Khi de ra cac phuong phap tinh toan cung nhu cac so dd tinh toan phai xem xet ddy 
du den cac yeu to sau: 

- Tmh trang thuc te cua he lien ket ngang; 

- Kha nang chiu xoan cua cac dam chu; 

- Cau tao va tinh trang thuc te cua goi cau; 

- Cac trudng hop dat hoat tai len cau mot each bat loi nhat theo hudng ngang cau va 
hudng doc cau; 

- Cac trudng hop dat hoat tai len efiu thudng gap trong thuc te khai thac cdu cu thd 
dang dupe xern xet (theo hudng ngang cAu). 

Neu xet thA'y he lien ket ngang efiu con du vCmg chAc nhu thiet ke ban dAu, co the ap 
dung phuong phap tinh dAm lien tuc tren cac goi dan hdi co xet den kha nang chiu xoAn 
cua cac dAm chu hay phutmg phap nen lech tarn tdng quat de tinh he so phan bo ngang. 
Cung co the van dung cac phuong phap khac, chmh xac hem de tinh toan. 

Sau khi thir tai cau, nen so sanh he so phan bo ngang tinh theo ket qua thir tai vdi cac 
tri so ciia he so nay tinh theo cac ly thuyet khac nhau de xem phuong phap ly thuyet nao 
phii h(ip lion vdi tlutc trang ciia ket cau nhip cu the nay. 

9.3.33. Tinh toan chuyen vi cua dam chu 

Can tinh chuyen vi doc va chuyen vi xoay a dan ket cau nhip, dudi tac dong ciia hoat 
tai tieu chuan (khong xet den he so xung kich. he so vupt tai), va dudi tac dong ciia 
gradien nhiet. Mire chenh lech nhiet do dupe lay tuy theo tinh hlnh thuc te d khu virc cAu 
cu the dang khao sat. 

Can tinh do vong ldn nhat do hoat tai tieu chuan gay ra d cac dAu mtit hAng, cac mat 
cat giira nhip va 1/4 nhip. Sail dd so sanh vdi tri so do vong cho phep d quy trinh thiet ke 
cau. I'rirong hop do vong tinh ra ldn hon cho phep thi phai tien hanh thir tai cAu de xac 
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minh. Neu ket qua thu tai c3u cung cho thdy do vong ldn qua mire quy dinh thi phai tim 
nguyen nhan. Phai doi chieu vdi ho so hoan cong, ho so cac dpt thu tai trade, ho so theo 
doi khai thac cau de chan doan cac nguy co: 


- Dirt mot so spi cot thep dp ung lpc; 

- Tut mot so spi cot thep dp dng lpc; 

- Gfnghiem trong mot so cot thep dp dng lpc; 

- Tut mau neo hay ha hong mail neo nao do. 

Khi tfnh chuydn vi tai cac dieVn cua nhip cau khung, can xet den sp bien doi mat cfp 
theo chidu doc nhip va xet tong the bien dang cua ca he ket cau khung (gdm ca tru noi 
edng voi ket cau nhip). 


Khi mong tru crhi la loai mong coc be cao hay khi khao sat da phat hien mong mo tru 
cau co the chuydn vi, thi can phai tfnh toan den cac chuyen vi mong. 

Phucmg phap tmh chuyen vi dupe thpc hien theo cac quy dinh trong Tieu chuan thief 
ke cau va theo cac nguyen ly cua Co hoc ket cau. 


9.33.4. Tilth toan chu ky dao dong 


Viec tfnh chu ky dao dong tp do va so sanh voi tri s6 cho phep ciia no dupe tien hanh 
theo cac quy dinh ciia Tieu chuan thiet ke cau. 

Khi thu tai cau, phai so sanh ket qua do dupe voi so lieu tmh toan. Neu so lieu do 
dupe cho thay chu ky dao dong rieng tp do cua ket cau nhip nam ngoai pham vi cho 
phep, thi phai tim nguyen nhan; phai tfnh thd lai nhieu Ian, voi cac so lieu a6c lapng vi 
trong lapng ban than ket cau nhip khac nhau, de co dupe tri so tlnh tai phu hop voi ket 
qua do khi thd tai cau. Td do suy ra va tfnh toan lai cac tri s 6 cua n6i lpc va dng suat 
trong ket cau dudi tac dong cua tlnh tai. 

9.3.3.5. Kiem toan mat cat ve c if dng do theo mdmen uon va hie cat 

9.33.5.1. Kiem toan mat cat ve nfd'ng do theo mdmen non 

Dpa vao cac tri so cua momen tfnh toan do td hop tai trong bat lpi nhat ina tien 
hanh tfnh toan, kiem tra kha nang chiu lpc gidi nan cua cac mat cat dac trirng cua ket 
cau nhip. 

Cong thac tinh toan lay theo cac quy dinh trong Tieu chuan thiet kc cau. 

Nhirng chd bi giam yen d inidn betong chiu nen cua mat cat dang xet thi trong tfnh 
toan phai giam bdt phan dien tfcli hu hong, coi nhu khong tham gia vao mat cat ch iu lpc. 

Chat lirpng vat lieu bi giam yeu thi trong tfnh toan phai giam ctrdng do tfnh toan cua 
vat lieu tuy theo ket q: : khao sat va thi nghiem thpc te. 

Kiem toan kha nang chdng m.'rt cua ket can belong dp dng lpc dupe thpc hien doi vdi 
cac mat ciit dac trung tiieo ca ’ <. dug tbdc va cac quv dinh trong Tieu chuan thi et ke cau. 
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Khi xac dinh cac dac tritng hinh hoc cua mat cat phai xet den cac giam yeu do sut v5 
betong va he so modun dan hoi theo hirdng din a phln tren. 

Neu khi khao sat khong phat hien co vet nut dudi tac dong chi do tinh tai thi viec tinh 
cac mat mat dir ling suat trong cot thep dupe tinh theo cong thuc trong quy trinh thiet ke 
clu, vdi tri so gia dinh cua irng suat keo cang ban dan trung binh cua moi cot thep dir 
ung lire (ung suat kiem tra) la: 


- Vdi dam ditng cot thep <j)5rnm cudng do cao: cr KT =1100 MPa; 

- Vdi dam dung cot thep bo xoln 7 soi cudng do cao: 

g kt = 0,7.Z; = 0,7.1600 = 1120MPa 

Sau khi tinh duoc tri so irng suAt trong cac thd bien cua mat clt dirdi cac to hop tai 
trong tieu chuln bat loi, can phai so sanh vdi cac dieu kien: 

- Han che irng suat nen qua manh; 

- Han che dug suat keo; 

Neu tinh loan cho ket qua la mat cat bi nut, thi phai khao sat lai ti mi cau ki6n co mat 
cat do va tieii hanh thir tai; roi can cir ket qua thir tai de’ ket luan vg kha nang chong nut 
cua cau kien. 

9 .3.3.5.2. Kiem toon mat cat \ e cifdn^ eld theo life cat 


Neu khi khao sat khong thay cac vet nut nghieng, thi vice kidm toan cirong do d mat 
cat nghieng theo lire cal, do td hop tai liong linli loan bat loi g&y ra, duoc thuc hi6n theo 
cac quy dinh cua quy trinh thiet ke cau Cudng dp tinh toan cua vat lieu lay theo hudng 
dan d chuong nay. 

Neu khi khao sat phat hien cd cac vet nut nghieng, thi ngoai vice tinh toan nhu tren, 
con phai lan lupt kiem toan cudng do o nhfrng mat cat nghieng da bi nut do, theo cac 
cong thuc quy dinh trong Tieu chuain thiet ke can. 

Ngoai ra con phai do do Idn cua cac vet nirt nghieng khi chi cd tinh tai tac dong, cung 
nhu khi cd float tai khai thac thirdng xuyen hay boat tai thir chay qua cau. Ket qua do 
nay dung de phan ti'ch va lira chon bien phap sua chua. 

9.3.3.6. Cac noi dung kiem toan khcic 

Trong mot so trudng hop dac biet, neu khi khao sat phat hien thay cac vet nut nam 
ngang doc cau o ciio tiep gia]> ban canh chin nen vdi sudn dam chu, thi cln phai tien 
hanh tinh toan irng suat tiep echo do de lay so lieu phan ti'ch cung nhu tinh toan ve xoln 
dam chu. Cung can kiem tra nguv co cac goi dam cau bi cap kenh; hien tuong nay cd thd 
pluit hien dupe bang each do chuycn vi thing dung ciia day cac dam tai vi tri sat goi. 

Doi vdi cac ket cau BTCT dir irng lire lip ghep bang nhieu dot, co khe noi ngang cau, 
vi du cau khung chu T lap ghep, dam cat kiltie... can phai tien hanh kidm toan cac moi 
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noi ngang cau theo cac cong thirc quy dinh trong quy trinh thiet ke cSu. Rieng vdi cac 
moi noi d&m bhng keo epoxy, thi phai xet gia thiet giam cudng do cua keo dan va gia 
thiet mat bdt dir ung lire tuy theo ket qua khao sat thuc te. 


Neu ket qua tinh toan cho thay moi noi khong du chiu lire thi nhat thiet phai khao sat 
lai ti mi, do cac bien dang d khe noi, tai mot so didm theo chidu cao mat cat va day mat 
cat, khi chiu tac dong cua hoat tai. Mat khac cung co the dung may sieu am dd do 
khuyet tat d cac khe noi de doi chieu ket qua tinh toan vdi ket qua do dac. 

Khi hoan toan khong co h6 so cu ve ca'u tao bo trf cdt thep trong betong, thi co the 1 xir 
ly nhu sau: 


Tim cac ho so d co quan thiet ke ve mot so ket cau tirong tir, tren co so do dua ra cac 
gia thi£t lac quan nha't va bi quan nhat v£ so lirong va loai cdt thep dir umg lire, cac bo tri 
cdt thep trong dam. 

Cung can can cu them vao kich thude bau dam thirc te de suy luan ve each bo tri cot 
thep, cung nhu dung thiet bi do cdt thep bang tir trudng hay chup bang tia phong xa de 
co so lieu tin cay hon. 


9.4. KIEM TOAN MO TRU CAU 


9.4.1. Khai niem chung 

Thong thudng trong trudng hop chiu luc don gian, nang lire chiu tai cua ket cau ben 
dudi (mo, tru, nen mong...) cung nhu cua cong trinh dupe bi£u thi qua hoat tai lhang 
dung tieu chuan dudi dang doan xe o to H10, HI3, HI8, H30 va tai trong xe xich hay 
xe banh nang. Cac tri so nay dupe dung lam co so cho viec dat bien bao d dau cau theo 
quy dinh. 

Ngoai viec xac dinh kha nang chiu tai theo doan xe tieu chuan, trong mot so trudng 
hop, cung co khi c^n kidm tra kha nang thong xe qua cong trinh mot loai xe nang dac 
biet (don chiec hay to hop). 

Nang luc chiu tai cua mdi mot mb, tru cSu dupe lay theo nang luc cua bo phan chju 
tai yeu nhat (xa mu, than hay mong...). Nang luc chiu tai cua mo, tru cau dupe xac dinh 
tren co so so sanh cac gia tri cua ung luc (phan luc) S hl , gay ra do hoat tai tieu chuan 
hoac loai xe nang dac biet cu the noi d trdn, vdi cac gia tri ung luc Ion nhat cho phep 
[S] cp khi chju hoat tai, vdi didu kien phai thoa man yeu cSu: 

S hl < [S] cp (9.50) 

Khi kiem toan mo tru c&u, edn tien hanh tren co so cac dac trung hinh hoc thuc te ciia 
ket cau, co xet den tinh trang hu hong va khuyet tat cua chiing. 

Cac tfnh loan kiem dinh dd xac dinh sue chiu tai cua mb tru c£u dupe thuc hien theo 
phuong phap cac trang thai gidi han, phii hop vdi cac quy dinh trong Tieu chuan thiet ke 
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cau hien hanh. Ket 1 uan cuo'i cung v6 sire chiu tai cua mo tru cau phai dira tren co so ket 
hop cac ket qua kiem toan vdi cac so lieu thong ke theo doi tinh trang khai thac cau va 
ket qua thu tai bang tai trpng kidm dinh (tuong duong v oi tac dong cua tai trong thie't ke 
xac dinh qua kiem loan). 

Khao sat hien trang ky thuat mo tru cau va nguyen tdc xet cac hu hong thuc te trong 
tmh toan kiem dinh. 


Khao sat va phan tich cac dang hit hong, mire do anh hudng den sue chiu tai va 
nguyen nhan sinh ra chiing trong cac bo phan mo, tru, nen mong phai thuc hien theo cac 
quy dinh chung da trinh bay. 

Voi mo tru cau. ngoai ra, con phai thu thap va xac dinh them cac du lieu chi tiet sau: 

1) Cac dfr lieu chung ve toan bo c6ng trinh, vi tri xay dimg, co quan thiet ke, nam 
thiet ke, dac diem d6 an dien hinh nay, nam xay dimg, don vi xay dung, viec dai tu va 
noi dung, quy mo sua chua, cai tao qua cac ky dai tu; 

2) Nhung thong tin can thiet ve cau tao cua phan ket cau ben tren; 

3) Hinh dang va Rich tlnrdc hinh hoc cua tat ca cac bo phan cua mo tru: tuong truoc, 
tudng canh, mu, than, be mong va phan dudi mong... 

4) Cau tao va trang thai lam viec cua cac bp phan goi cua cau; 

5) Tai lieu mb ta chi tiet cac hu hong, khuyet tat (bang ke, so dd vj trf, kich thude), 
nguyen nhan phat sinh, dien bien... 


6) Loai va cac dac (rung co !y tuemg ufng cua vat lieu lam mo, tru (da hay gach x^y 
vfra xi mang, vua voi, belong, BTCT...), 

Rieng voi mb tru dang ket can kliung BTCT, can thu thap dupe cac thong tin vi 
chung loai, so lupng, vi ti i dat cot thep trong cac mat eftt tfnh toan (theo ho so ky thuat 
cii; do, soi, hay chup bang thiet hi tu tfnh hay phong xa chuyen dung; boc lo thuc te tai 
hien trudng...). 

7) Tfnh an man cua nude doi voi ket cau xay (nhat la d muc nude thudng xuyen). 

Vdi cac kei cau mong nam sau dudi dat hay chirn dudi nude, khong kiem tia true tiep 

dupe thi can cii vao ho so ky thuat tie xac dinh dac diem cau tao. Neu thieu ho so ky 
thuat thi dua vao dac diem thiet ke va xay dung ciia thoi ky dd ma dua ra inot so' gia 
thiet cSu tao kha til khac nhau de tien luinh tmh loan kiem dinh. Ket qua kiem toan nay 
chi co tfnh chat de tham khao va nhat thiet phai doi chieu vdi cac sd lieu thong ke tinh 
trang khai thac cau va sd lieu thu tai. Trong chuong 7 da trinh bay ky ve chan doan 
mong tru mb cau. 

Can cu vao ket qua kiem tra, khao sat theo cac yen cau, vita trinh bay trong ba diem 
tren, db lira chon so do hinh hoc cua mat cat va cac dac trung co ly cua vat lieu de° dua 
vao kiem toan mb tru cau. 
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Can cu vao ket qua kiem tra kha nang dam bao chuyen dich cho ket cau nhip tai goi 
db db ra so d6 lien ket tua thich hop. 

Khi co cac vbt nut thbng dung tren than mo tru betbng hay khoi xay (xuat hien do cac 
nguyen nhan khac nhau), thi so db kiem toan phai tinh den kha nang lam viec biet Up 
cua cac bo phan bi phan chia bdi su phat trien cac vet nut do. 

Viec xet su giam ybu mat cat cua betbng va lam viec cua cot thep do co cac vet nut, 
cac hu hong va khuyet tat... trong cac ket cau xa mu, cot, khung BTCT cua mo tru cau 
cung duqc tien hanh theo cac nguyen tac chung nhu doi vdi cac ket cau BTCT khac. 

9.4.2. Xac dinh urng lure va chuyen vi cua mo tru cau cu 


Cac ket cau than mo tru va nen mong cua cau can duqc kibm toan dudi tac dong cua 
tinh tai va cac to hop hoat tai bat loi. Tri so cac tai trong vdi viec to hop chung, cac he so 
tinh toan duqc xac dinh phu hop vdi cac quy dinh chung cua Tieu chu^n thiet ke cau 
hien hanh va cac hudng dan cu the d chuong nay. 


So dd tinh toan va cac gia thiet co ban can phan anh duqc didu kien lam viec thuc te 
cua ket cau dang xet va tinh trang giam thieu do cac hu hai gay ra. Viec xac dinh noi lire 
va chuyen vi cua md tru va mong cau duqc tien hanh theo cac phuong phap thong 
thudng cua Co hoc ket cau va cac quy dinh cu th i cua Tieu chuan thiet ke cau hien hanh. 

Khi tinh ap luc day ngang cua da't sau mo, can tinh den thuc te la dat dap da bi nen 
chat sau nhieu nam khai thac. Tri so tieu chuan cua goc ma sat trong lay bang 35° trong 
cac trudng hop binh thudng, va bang 40"-45° trong nhung trudng hop bao dam da on 
dinh kin cua nen dap sau mb. Tri so ap luc dat sau tudng mb do trong luqng ban than dat 
dap va do hoat tai tren lang thb truqt duqc xac dinh theo hudng dan cua Tieu chuan thibt 
ke cau cbng. 

Vdi mb tru cau va mong cua chung da duqc sira chua, gia co nhieu ldn va co ebu tao 
phirc tap gbm nhibu phan ghep (mong true tiep vdi mong coc; mong coc vdi mong coc, 
mong coc vdi mong gieng...) ngoai c ic nguyen tac chung da n6u trong 9.4.1; can can cu 
vao lich sir sua chua gia co de dua ra gia dinh vb su phan chia tinh tai cho cac to hop ket 
cau chiu luc khac nhau. Su phan chia hoat tai cho cac phan nay duqc xac dinh tuy thupc 
vao muc do lien ket cung tham gia chiu luc giua chung. 

Tren co so cac gia dinh don gian hoa, cac bo phan mong va than mb tru duqc tinh 
toan binh thudng theo cac chi dbn chung. Nhung gia thiet don gian hoa phai phan anh 
duqc cac tinh hudng dac trirng (lac quan, bi quan va trung gian) va nhat thiet phai duqc 
kiem chung va hieu chinh qua viec thir tai cbu. 


9.4.3. Kiem toan mb tru cau cu 


Viec tinh toan kiem dinh cudng do va do bn dinh cua mb tru ebu dang khai thac, co 
xet den hien trang ciia chung, duqc tien hanh theo cac quy dinh cua Tieu chubn thiet kb 
cau hien hanh. 


268 



Khi xac dinh do 6n dinh va cirdng do cua mo tru nang theo dat nen, trong trirdng hop 
khong co ton hai, hoac khong co co so de k£t luan la co hir hong (nhu lun, nurt, xe dich, 
nghieng lech...) thi ap lire cho phep len dlt nen dirqc nang cao cho thfch hop (do xet den 
viec dlt n£n da trai qua mot thdi gian nen chat nhat dinh), nhung toi da khong qua 30% 
gia trj quy dinh trong Tieu chuln thiet ke cau cong. 

Neu mong mo tru duac bao boc va dat trong vong vay coc van thi ap luc cho phep 
cua dat n6n duqc nang cao 70% so vdi quy dinh noi tren. 

Viec kiem toan mong coc cung tien hanh theo Tieu chuan thiet ke hien hanh. Truong 
hop mong coc dat trong vong vay coc van thi sire chju tai cua coc duqc nSng len 30% va 
ap luc cho phep cua nen tai mui coc, khi kiem toan mong khoi quy udre, cung duqc nang 
len 30%> so voi quy dinh cua Tieu chuln thiet ke. 

Tinh toan ket cSu belong va khoi x^y (gach, da) duqc tien hanh theo cac di6u kien 
tuong tu nhu khi thiet ke ket cau moi: 

Theo dieu kien cuong do va do on dinh (trang thai gidi han thir nhat va thu hai); 

Theo di6u kien gidi han do lech tarn cua hop luc chu dong tieu chu^n (trang thai gidi 
han khai thac), khi tinh toan can lay cac dac trung tinh toan cua vat lieu (betong va khoi 
xay) cho phu hop vdi dieu kien cu the dang xet. 

Rieng vdi mo tru nang xay bang da hoc hay gach, tri so umg su^'t cho phep cua vat 
lieu xay co the’ tham khao bang 9.10. 


Bang 9.10. Ung suait cho phep (tinh bang MPa) cua khoi xay 


Viii lieu 

Loai uiig suat 

Chu thich 

Nen true 

Keo 

Da hoe xav 

1 - Bans* vira voi cal 

1.0 

0-0,2 

Cac chi so nay chi 


2- Vira xi mang cat 

1,5 

0,25 

dung cho nhung tru 
mo khong bi nude 
ngap thudng xuyen 

Gach xay 

1 - Bang vira voi cat 

0,8 

0-0,2 


2- Vfra xi mang cat 

1,2 

0,2 


Khi mo tru bang khoi xay co trang thai binh thirdng, khong co khuyet tat va hu hong, thi 
ling suat cho phep cua khoi da xay cd th6 tang them den 50% so vdi tri so trong bang tren. 

Neu trong qua tri nit khai thac cung nhu khi kiem tra, khao sat C£tu khong thay cd cac 
dau hieu nghi van v6 chuyen vi dinh mo tru, ve kin ... thi khong can phai kiem toan 
chuyen vi dinh mo tru va do lun day mong. 

Tnrdng hop can thiet thi can cir vao ket qua do dac khi thu tai d6 ket luan ve tinh 
trang chuyen dich dinh mo tru va lun nen mong. Salt do tien kanh cac tinh loan bo sung 
theo quy dinh cua quy trinh thiet kc cfiii cong va cac tai lieu hudng din, tham khao khac, 


269 



tren ca s a chinh ly cac dir lieu va cac gia thiet tinh toan cho phu hop vdi vide kidm 
chung qua kd't qua thu tai. 

Vdi cac mo tru nAm tren sudn doc 1cm, hoac co mong dat tren ndn dat yeu, hoac co 
chidu cao dat dap sau tuong mo qua 12m trong tat ca cac trudng hop, hay qua 6m neu 
mong dat trdn ldp a set hoac cat bao hoa nude... thi nhat thid't phai kiem toan cho'ng truat 
va ki&m toan chb'ng trucft sau neu ndn dap bi nang cao den 40cm hay khi phat hien co 
cac dau hieu khong binh thudng, bao hieu cua hien tuang truat sau (tucmg trude nghieng 
lech va dd nghieng lech phat trien theo thdi gian...). 

Ket hop ket qua theo doi, do dac va ki^m toan de xac dinh hien trang mo c&u. 

Cac so lieu duqc sSp xep theo thu” tu uu tien v^ mdc dd tin cay va anh hudng quan 
trong den cac ket luan danh gia tinh trang ky thuat cua md tru cau nhu sau: 

1) Cac so lieu ve chuyen vj va bien dang duqc theo doi, do dac qua kiem tra dinh ky 
trong mot thdi gian dai; 

2) Cac so lieu do duqc vi ung bien va chuyen vj trong khi thu tai; 


3) Cac so' lieu tinh toan ly thuyet dua tren cac gia thiet khac nhau v£ tinh trang kd't 
cdu va dat n6n d cac phan chim ^In... 


Trong qua trinh phan tich, xir ly cac sb li6u do duqc ve chuyen vj, can luu y rang, tuy 
theo tinh chat cua dat n6n ma quan he giua tri so' chuydn vi vdi mdc do dn djnh edng 
trinh rat khac nhau: 


Vdi n£n dat set, mire do an toan cua ndn mong va mo tru vSn bao dam ngay ca khi 
chuyen vj da dat mot trj so dang ke; 


Nguqc lai, vdi dat ndn la cat, muc dd an toan da bi danh gia la tha'p khi chuyen vj con 
kha nho. Vi vSy, phai bo tri va tien hanh do dac rat can than cac chuy6n vi cua mb' tru 
cau co mong dat tren n6n cat. 


Ngoai so do tdc thdi, thi tb'c do bien doi cua chuyln vi va bien dang (tang hay giam 
theo thdi gian) mdi la yeu to r&'t quan trong de chan doan mdc do an toan vd mat on djnh 
cua mb' tru diu. 


Viec do do nghieng cua mo tru phai thuc hien vao nhung thdi diem chon lua trong 
nam, tuy theo dang ket cau va mdc dd diln bien cua do nghieng. Vdi cac mb' tru qua 
theo doi thay co van de lien quan den hi6n tuqng xoi Id thi phai tien hanh do ca trong 
miia lu I5n mua kho. Ket qua do dac duqc so sanh vdi ket qua tinh toan theo cac didu 
kidn xoi thuc te dd bien luan ve tinh hudng bat lqi nhat cho do an toan cua mb' tru. 


Mdi quan he giua cac tham so do duqc vd dao dong cua mb' tru va tinh trang ky thuAt 
cua mb' tru, co thd tham khao bang 9.11. 
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Bang 9.11. Quan he giura cac dac trung dao dong voi hien trang mo tru 


Cac tham so 

Tinh trang ky thuat cua mo tru 

B.ien dp dao dpng 
max B (mm) 

Chu ky dao dpng 

T(sec) 

B <0,7 

B > 0,7 

T < 0,35 

T > 0,35 

& 




Tot 



% 


Kha nang chiu lire cua mong y£u 

& 



OP 

Mong yeu hoac nln dlt yeu 





Mong yeu va nen khong du kha nang chiu lire 


9.5. PHAN TICK VA DANH GIA CAC KET QUA CHU YEU KHI KIEM TRA VA 
THU’NGHIEM CAU 


9.5.1. Danh gia cac khuyS't tat va hu hong dac trimg nhat phat hien ra khi kiem tra 
9K5.1.1. Cac ket cau thep 

Nhung vet nih b cac chi tiet han thucmg tao ra nguy hiem tiPm tang ve pha hoai gion 
toan tiet dicn kci cau. 

NhCmg vet nut b cac chi tiet tan (chi tiet li^n ket bang dinh tan) cung cln dupe xem 
nhu mot nguyan nhan co kha nang pha hoai cht tiat d6. 

Nhung dinh tan ycu thi lam giarrt kha nang chiu lire cua nut hay cita chd lien ket co 
chuing. 

Kim loai bi gi lam cho tiet dien ciia chi tiet do yen di, cung nhu co the dSn toi sir tap 
trun g ung suat. 

•Cac chi tiet chiu nen bi cong nhicu va cac thanh bi cong cue bp b vung tac dong cua 
lire tap trung la dau hieu cua cac chi tiet va cac bo phan cua ket cau thieu dp ben (thieu 
on dinh). 

Cac duimg Linders- tren bP mat kirn loai la dau hieu cua cac bien dang deo dang phat 
trien manh. 

9K5.1.2. Cac ket cau BTCT 

Op mo rong vet nirt trong betong (toi mure Ion hon tri so quy dinh) cung nhu viec xuait 
hien cac vet nirt khong dupe du kien trong tinh toan, can phai duoc danh gia co tinh den: 

- Nhung nguyen nhan co the' cua viec xuat hien cac vet nut; 

- Anh huong ciia cac vet nirt den kha nang chiu lire cua chi tiet (den urng suat 
tron g cot thep, den imh toan ven ciia ket cau, din den sir thay doi so d6 lam viec cua 
tiet dicn...}. 
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- Do nguy hie’m cua viec gay gi cot thep doc theo cac vet nut. 

Cac vet nut doc trong midn bdtong bi nen dong thcri vdi cac vet nut ngang co do md 
rong ldn d mi£n chiu keo (doi vdi chi tiet chiu uon) co the chumg minh cho kha nang 
chiu lire cua betong trong chi tiet do da het. 


Viec hinh thanh cac vet nut d cac moi noi cua cac ket cau dir ung lac, ph&n thanh cac 
dot theo chidu ngang, khi chira co sir dinh bam giua cot thep vdi betong (thf du nhir dang 
trong giai doan xay dung) la hau qua cua trang thai nguy hidm da bat dau Ian kha nang 
chiu lire cua ket cau. 


Cac vd't nut trong ket cdu khong dir ung lire, nam ngang cot thep chu, co tri so md 
rong ldn hon 0,5mm vdi loai dimg cot co gd va Idn hon 0,7 mm vdi cot nhan, co the 
chumg minh cho cot thep da tdi gidi han chay hoac da mat su dtnh bam giua cdt thep vdi 
bdtong. 

Khong c^n phai ap dung cac bien phap bao ve chong gi cot thep doi vdi cac chi tiet 
co nhirng vg't nut nhir sau: 

a) (3 nhirng ket cau nhip cau, cot thep spi, du umg luc, co nhung vet nut don le, co d6 

md rong tdi 0,1mm; 

? , 

b) O nhirng ket cau vdi cot thep thanh, khong du ung lire: 

- Nam trong vimg muc nude thay doi, do md rong vet nut cho phep tdi 0,15mm; 

- Chiu do am khi quy6n do mua, do md rong vet nut cho phep tdi 0,2mm; 

- Dupe bao v6 tranh mua, d6 md rdng vet nut cho phep tdi 0,3mm. 

Viec co cac vet nut nam ngang cot thep chu trong cac ket cau du umg luc co th£ dupe 
xem nhu la da'u hieu ciia betdng chua dupe cot thep du ung luc nen den mdc can thiet. 


Viec hinh thanh cac vet nut va nhirng chd vd doc thanh cot thep thudng lien quan den 
viec gi cot thep. Hien dien cua cac khuyet tat nay cho thay tinh cha't bao ve ciia betdng 
chua du va dan den lam giam do vinli ciru cua ket ca'u. Khi cac vet nut doc cot thep chu 
do gi cot thep ma md rong dang ke thi kha nang chiu luc ciia dam va cot giam di ro ret. 

Cac khuyet tat do khi do betdng (rd, hong, chd co ldp betdng bao ve chua du) cung 
nhu nhung chd vd betdng phai dupe danh gia trude het la viec bao ve cot thep tranh gi bi 
xau di; khi cac khuyet tat va hu hong nay co kich thude ldn thi nen danh gia la dien tich 
betdng chiu nen trong mat cat cua chi tiet nay giam di va hinh dang ben ngoai ciia ket 
cau xau di. 


Nhung vet ngam, ro ri nude la bang chirng ciia viec chong tham kem. Neu cac vet nut 
tren bd mat betdng da cu va kho (dac biet la d cau mdi xay dung xong) thi co the’ la da'u 
vet cua rd ri nude trude khi lam ldp chong tham. 

Khi co keo dan khong kho tren phan ldn cac mdi noi bang keo ciia ket cau hop thanh 
chiu uon thi se dan den lam giam kha nang chiu luc ngang va doi hoi phai tinh toan 
kiem tra lai mdi noi vdi gia tri ciia he so ma sat nho hem. 
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9.5.1.3. Cac mo tru bang betong nguyen khoi va lap ghep khoi loti 

Cac bien dang chung cua mo tru cau thudng phan anh cac bien dang cua nbn va din 
tori ha thap ti'nh chat khai thac cua cong trinh (cac goi tua bi dich chuydn, kich thudc cac 
khe bien dang bi thay doi, mat cat doc va mat bang cua tuyen di bi xau di); doi vdi cac 
he sieu tinh, cac bien dang nay co the dSn tdi sir hu hai ca cac kd't cau chu y6'u va giam 
kha nang chiu iurc cua chuns. 

Nhung v6't nut do co ngot. nhiet, theo phircmg thang dung, trong cac mo tru cau bang 
betong khoi ldn, co do mo rong tdi 1 - 1,5mm cung khong co gi nguy hiem cho cong 
trinh, trir khi cac vet nut nay co xu huang vSn phat tri^n va tao ra nguy co pha hoai toan 
bo chan cdu. 

Do hao mon cac rnat cua tru cau (day tr^n 1,5m) do betdng bi mai mon bdi vat trdi, 
phu sa, va xoi mon bdi cat bun day vdi toe do tdi 1mm mdi nam thi khdng nguy hidm va 
co the dupe coi la cho phep. Vdi cac tru loai nhe va co toe do mai mon ldn hetn thi phai 
danh gia mure nguy hiem cua hao mon nay co the’ lam giam kha nang chiu luc va tinh 
vlnh cuxi cua tru cau. 


9.5.2. Phan tich va danh gia cac ket qua chu yeu cua thur nghiem 

Tieu chuin chu yeu de danh gia tot kha nang lam viec cua ket cau cSu theo k£t qua 
thir nghiam la su phii hop cua cac chi so dan hdi (noi luc, t'rng suat, bien dang, chuydn vi 
v.v), do dupe trong ket cau dudi tac ddng cua tai trong thu nghiem, vdi cac gia tri tim 
dupe bang each tinh toan (cung tir tai trong thu nghiem do). 

Chi tieu lam viec cua ket cau khi thu tinh la he so ket cau K, dupe tinh b^ng: 



(9.51) 


trong do: 

S e - chi so, do duoc dudi tac dong cua tai trong thu nghiem, 

S ca | - cung chi so do, tim dupe bang con dudng tinh toan, cung ter tai trong thu 
nghiem do. 

Cac tri so dac trung de danh gia chung su lam vice cua ket cau da duoc thu nghiem 
dudi hoat tai la cac gia tri cua he so' K, dupe tinh ra vdi tac dong ldn nhat cua tai trong 
thu nghiem cho cac chi so sau: 

- Cac do vdng trung binh (theo chidu rong) cua cac ket cau nhip; 

- Cac ufng suat trung binh doc true cua cac chi tiet chiu keo hay chiu nen; 

- Cac ung suat trung binh doc thd d m6i mi6n (keo hay nen) cua cac chi tiet chiu uon. 

Khi tinh dp vong trung binh ciia nhung ket cau nhip, co tren hai dam (dan, vom) chu 
theo chiPu ngang cau, thi nen dung phuong phap loai tru anh hudng cua he so' phan phoi 
ngang tinh toan cua tai trong ien tri so do vong cua mdi dam. 
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Theo so lieu cua nhibu lan thir nghiem tTnh, cac gia tri cua he so K, doi voi cac ket 
cau chiu luc chii yeu va cac chi tiet cua chung, thubng vao khoang 0,7-1,0, con voi cac 
chi tiet cua ket cau nhip, ma khi tmh khong k i den su lam viec dong thoi cua dam (dan) 
chii voi cac chi tiet phan xe chay va ao dubng thi thong thubng la 0,5-0,7. 

Cac gia tri cua he so K Ion hon 1 thi chung to la da co sir sai lech ro ret giua lam viec 
cua cac chi tibt cong trinh voi cac gia thiet da cha'p nhan trong tmh toan. Trong cac 
trubng hop nay can phai lam sang to nguyen nhan cua sai lech da phat hien nay va phai 
db ra cac bien phap db bao dam cho cac chi tiet do lam viec dupe chac chan. 

Nhung gia tri thap cua he so K co the chi ra la trong cong trinh hay trong cac chi tiet 
cua no con co du trQ trong kha nang chiu lire. Kha nang tan dung cac dir trfr nay co the 
duoc xem xet sau khi nghien cun cac nguyen nhan thu diroc cac gia tri thap cua he so K. 


Khi xac djnh tai trong thirc te cua cong trinh thi anh huong cua cac chi tiet ket c£u 
den lam viec cua ket cau chiu lire chu yeu chi dupe tmh den khi nao co cac bien phap 
can thiet d6 bao dam chSc chan sir lam viec dong thbi cua cac chi tiet nay voi cac ket ( au 
chiu lire chu yeu hay la khi sir lam viec d6ng thoi nay da dupe bao dam ngay trong cac 
giai phap da dupe chap nhan trong thiet ke. 


Cac gia tri cua he so K, tim dupe theo cac tri so ung suat tho ldn nhat, trong mot so 
trubng hop co the 1dm hon 1 do co su tap trung ung suat, su tac dong lech tarn cua luc, sir 
khong dong nhat v6 mat v^t ly cua cac moi noi va cac lien ket cua chi tiet do, va do cac 
hoan canh khac nura. 


Khi phan tich cac chi sb da do dupe trong tung chi tiet cua cac dam (dan, vom) chii 
thi nen xet den su lam viec khong gian cua ket cau nhip. Trong trubng hop nay co the! 
xac dinh he sb phan bo ngang ciia hoat tai r)j theo cong thuc: 

rii = 4 ~ i952) 

Li 

i^i 

b day: 

r), - la he so phan bo ngang thuc te cua dam (dan, vom) thu I; 

f r la tri sb cua do vong dan hbi ciia dam (dan, vom) do dupe khi thir nghiem; 

n - la sb lupng dam (dan, vom) hay so lupng diem bat ky khac, da dupe do do 
vong khi thir nghiem. 

He sb phan bo ngang rjj tim dupe, se dupe dem so sanh voi tri sb da dupe dung khi 
thiet ke. 

Ti sb giua nhung tri sb do dupe cua cac bien dang (chii yeu la cac do vong) dan 
hbi voi cac bien dang du co the dupe dung lam mot trong cac tieu chuiui danh gia 


274 



cau theo cac ket qua thir nghiem tinh. Ti so nay dupe goi la chi so lam viec a cua ket 
cau va bang: 


a 


l c\ 


(9.53) 


d day: 

f x - tri so cua do vong du, duoc xac dinh sau khi bien dang da on dinh; 
f e) - tri so cua do vong dan hoi cung duoc xac dinh trong didu kien nay; 


Danh gia su lam viec cua cac cau nidi xAy dung theo ti so giua cac bien dang du vdi 
dan hdi thi nen tlurc hien theo ket qua cua lan chdi tai thu cong trinh d&u tien, voi tai 
trong thu nghiem g<in \oi tai trong tieu chu^n. 


Cac chi so lam viec cua ket cau a co the dat tdi cac gia tri sau: 

- Voi cac c^u moi xay dung xong: 0,15 

- Vdi cac cau dang khai thac: 0,05 

Khi thu nghiem tlnh, cac tri sd thu thap dupe ve cac dd vong va cac thay doi goc dd 
cua mat c^t doc phan xe chay, co xet den mat ck doc da ghi dupe khi bat dau cuoc kidm 
tra thi can dupe su dung khi danh gia sir phu hop cua chung vdi cac tri sd tidu chuan. 

Can phai danh gia su lam viec cita ket ca'u dudi tac dong dong luc hoc tren co sd so 
sanh cac tri so cua he so dong lire thiet ke vdi thuc te (xac dinh khi tai trong thur nghiem 
Ion nhdt), so sanh cac tri sd do dupe cua cac chu ky dao dong ridng vdi tri sd tinh toan 
va tidu chuPn, phat hien cac dang dao dong bat lpi (kidu cong hudng va dao), xem xet 
dac diem tat dan cua dao dong v.v... 

Khi so sanh cac tri sd do dupe cua cac do vong, cac goc thay doi cua mat cat doc 
phan xe chay, cac he sd phan phoi ngang va cac chu ky dao dong vdi cac tri sd tinh toan 
cua chung; cac tri sd tinh toan nay co the dupe xac dinh co xet ddn anh hudng dd tai cua 
cac chi tiet ket cau. 
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Chirang 10 


TINH TO AN DANG CAP VA XEP HANG CAU CU 


10.1 KHAI NIEM CHUNG 

Khi danh gia chat lugng ky thuat cua mot cong trinh cau cu khong chi don thuan dita 
vao viec tmh toan ma phai ket hop fat ca cac cong vice khao sat, do dac, thir nghiem mAu 
trong phong thi nghiem, thu tai cau, lam cac thi nghiem khong pha huy ngay ircn ket 
cau thuc, tinh toan nhi£u lan theo mot so gia thie't khac nhau. Trong nhieu trirdng nop 
kinh nghiem cua ky sir thanh tra co mot vai tro quan trong quyet dinh. 

Noi chung, kha nang chiu luc cua cau co ihe dir doan bAng cac tinh toan lai, xac dinh 
cac noi lire cho pnep Ion nhat 6 tung bo phan ket cau va so sanh chung voi cac noi lie do 
cac tai trong (tinh tai va hout tai) gay ra. Nhfrng tai trong dirge xet se la tai trong dr kien 
di qua can trong ttrong lai. 

Khi tinh toan lai ket cau phai can cu vao trang thai thuc lai ciia no, co lien quan den: 

- So do hinh hoc thuc te ciia ket cau va cone trinh. 

- Cac mat cAt chiu luc thuc te (co hir hong va kluiyet tat). 

- Dac diem va thuc trang ciia he lien ket cac bo phan. 

- Cac dac irung cirdng do ciia vat lieu thuc te tren ket can. 

Co 2 dudng loi thirdr.g an dung khi tinh toan can cu 

• Xac dinh ling suat trong ket cau do hoat tai f hire te va so sanh voi irng suat cho 
phep (lioac cirdng do turn toan) cua vat lieu ket cau. Fir do ket 1 nan ve kha nang 
thong qua urn. 

• Cac kef can cAu thep sc diroc tinh toan dang cap chi theo dieu kien cirdng io va 
dicu kien moi. Cac tai trong oua cau cung sc dirge tinh dang cap cua chung. Neudang 
cap lai trong nho hon dang cap cac ket cau thi thong xe dirge. 

Iron'! chiton y nay. chi trinh hay war so van 'U ve tinh toan lai Let can va tinh toon 
Jana cap < iiu Set can can dudng sat cu. 
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10.2. CONG THUC CHUNG TINH TOAN DANG CAP CAU THEP DUONG SAT 


10.2.1. Xet ket cau nhip 

Nguyen tic tinh toan nang luc chiu tai cua ket cau nhip thep bang phirang phap phan 
dang cap: 

Khi xac dinh narig luc chiu tai cua ket cau nhip va dieu kien khai thac phai xet den: 

• Dang cau tao cua ket cau nhip va cac bo phan. 

• Loai vat lieu thep va tfnh chat co hoc. 

• Hien trang cua ket cau, cac hu hong. 

• Chat lupng che tao va thi cong ket cau nhjp. 

• Sir lam vide thuc te cua ket c£ku nhip dubi tac dung cua cac tai trong. 

• Kho gibi han thuc te cua ket cau nhip. 

• Vi trf cau (tren mat bang, tren trac doc, pham vi ga,...) 

• Cac ket qua thi nghiem cau (neu co). 

• Cac ket qua tfnh toan lai bao gbm tinh toan phan ding cap. 

Khi tinh toan phan ding cap chi xet trang thai gidi han thu nhat v6 cubng db, on dinh 
hinh dang va mbi. 

Ding cap cua mbt ket ciu nhip dupe tinh toan theo cong thuc: 



k,(l +p) 


trong db: 

1+p - he so xung kich. 

k - hoat tai rai deu tuemg duemg cho phep (T/m) tinh theo cac dieu kien cua trang 
thai gibi han thu nha't. 

k, - hoat tai rai deu tuong duefng cua doan tau don vi chuin. 

Cac tri so k va k, dupe tinh vbi cung mot dubng anh hubng dang dupe xet (ciing do 
dai va vi tri dinh dubng anh hubng). 

Ding cap cua mbt cau kien dupe lay la tri so nho nhit trong cac tri so ding cap cua 
no da tinh theo cac clibu kien khac nhau, ding cap cua ket cau nhip lay theo ding cap 
thb'p nhat cua cac cau kien. 

10.2.2. Xet doan tau 

Ding cap cua tai trong K () bang ty so cua tai trong rai deu tuong duong cua doan tau 
dang dupe xet (co ca he so xung kich) vbi tai trong don vi chuan (co ke he so xung kich). 
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M 1 + Pq) 
k H 0 + p) 




trong do: 

k 0 - tai trong rai ddu tuong duong ciia doan tau dang dupe phan cap (T/m). 
k H - tai trong don vi chua’n theo so d6 Tj, duong (T/m) 

l+p 0 - he so xung kfch cua doan tau dang dupe phan cap (lay theo quy trinh thiet 
ke cdu mdi hien hanh hoac theo ket qua thir nghiem cu thd) 

1+p - he so xung kich doi vdi tai trong don vi chu^n theo so dd T, 

Cac tri so k () va k H dope lay doi vdi cung mot dufdng anh hirdng. 

Cac tai trong tuong duong k 0 va dang cap tau K n duqc xac dinh vdi duong anh hudng 
tam giac dai X =1 -r 200(m), vdi he so. 

Khi xac dinh tai trong tuong duong k G phai dat doan tau duoc xet len duong a lh 
hudng d vi tri bat lqi nha't d6 cho gia tri k c dat ldn nhat. Khi do co mot trong cac luc tap 
trung, duqc goi la luc chinh, se nam dung tren dinh duong anh hudng. 

10.3. TINH DANG CAP DAM CHU VA HE DAM MAT CAU 


10.3.1. Nguyen tac chung 


Ddi vdi dam dac chu va cac dam trong he mat c3u cua cau dudng sat don tren tuyen 
thang phai tinh toan dang cap cung nhu kiem toan dudi tai trong thu cau theo cac noi 
dung sau: 

- Tinh toan theo Ung suat phap 

- Tinh toan theo ung suat tiep 

- Tinh toan \6 cudng do cua dinh tan hoac bulong tinh che, cua moi han de’ lien ket 
ban bung vdi ban canh cua dam. 

- Tinh toan on dinh chung cua dam. 

- Tinh toan on dinh cue bo ciia ban bung dam. 

- Tinh toan on dinh cue bo ciia ban bung co sudn dung tang cudng d mat cat goi. 

- Tinh toan v6 moi 


- Tinh toan mo'i noi (neu co) 

Ngoai ra, ddi vdi cac dam doc va dam ngang cua he mat cau, phai tinh toan them cac 
noi dung sau: 

- Tinh toan lien ket dam doc va dam doc cut vdi dam ngang. 

- Tinh toan lien ket giua dam ngang va dam chu. 
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10.3.2. Tinh toan cuong do theo umg suat phap 


Trong tinh toan hoat tai rai d£u tuong duong cho phep, cac mat cdt cdn phai xet 
bao gom: 


Doi vcri ddm chu vd dam doc mat cciu: 

• Mat cat giua ddm. 

• Mat cat ch6 cat dun ban phu canh dam (theo hang dinh ddu tien). 

• Mat cat giam yeu do khuyet tat hoac hu hong. 

• Mat cat nguy hi£m khac. 

0 Mat cat noi (neu dam co moi noi). 

Doi v&i dam ngang: 

• Mat cat di qua cac 16 dinh lien ket dam ngang va dam doc 

- Hoat tai rai deu tuong duong cho phep (T/m) khi tinh theo umg suat phap doi voi 
mat cat vuong goc bat ky cua dam dupe tinh theo cong thuc: 


k = 


-— (mRCW 0 - e p q, £ pn p ) 

e k n k L 4 


trong do: 


8 k - h6 so phan b6 ngang cua hoat tai doi voi phien dam dang xet 
n k - h£ so tai trong doi voi doan tau 

Q p = - di6n tich dudng anh huong momen uon tai mat cdt dang xet cua ddio (m 2 ) 

m - ht so di£u ki6n lam vice. 

R - cuong dp tinh toan co ban cua thep. 

C - h6 so xet den su cho phep xuat hien bien dang dec han che 6 cac tho bien cua 
ddm, lay bang 1,1 doi voi dam chu va dam doc mat cdu, bdng 1 doi voi ddm 
ngang va doi vpi moi triromg hop tinh toan vP moi. 

W 0 - momen chong uon cua mat cat dang xet (nr ) 

£p - hd so phan bo ngang cua tinh tai doi voi can kicn dang xet 

Ipn p - tong cac tinh tai rai ddu tinh toan (moi loai tinh tai tuong ung voi mot he 
so tai trong) (T/m). 


Momen chong uon tinh toan W () ciia mat cat ddm a ngoai pham vi moi noi duqc lay 
bang momen chong non cua mat cat thu hep W lh 


W () = W th 


1 ih 


Y„ 
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trong do: 

I th - momen quan tinh cua mat cat thu hep doi vdi true trung hoa 

Y max - khoang each tCr true trung hoa dd'n thd xa nh£t cua mat cat dang xet. 

Doi vdi cac dam dinh tan ma khong co t&'m n^m ngang cua ban canh, dupe phep lay 
W th = 0,82W p , con doi vdi d£m dinh tan co t&'m n&m ngang d ban canh thi lay 
W th = 0,8W P . Trong do W p la momen chong uon cua mat cat nguyen. Mure do giam yeu 
cua bung dam dupe phep lay bang 15%. 

Khi tinh toan mat cat n&m trong pham vi moi noi thi momen chong uon tfnh loan 
dupe lay nhu sau: 

Il,+£l2 


W 0 = 


‘ max 


trong do: 

21, - t6ng cac momen quan tinh cua mat cat thu hep cua phan khong co moi noi 
hoac khong bi gian doan tai mat cat dupe xet, lay doi vdi true trung hoa cua 
toan mat cat. 

ZI 2 - tdng cac momen quan tfnh thu hep cua cac tap ban noi, lay doi vdi true 
trung hoa cua toan mat cat 2I n6i , hoac tdng cac momen quan tfnh cua cac 
diPn tich tinh doi cua cac dinh tan hay cac bulong tinh che lien ket cac nita 
tap ban noi, la'y doi vdi true trung hoa cua toan mat cat I D (lay tri so' nho hon) 

Mo 

y, - khoang each tit true trung hoa cua toan mat cat d£n dinh tan, bulong thuf i, 
lien ket nita tap ban noi. Doi vdi cac dinh tan nam ngang thi y, lay den tarn 
!6 dinh, doi vdi cac dinh tan thang dirng thi y, lay den mat chiu cat tuong irng 
cua dinh 

l/p () - dien tich tinh doi cua dinh tan hoac bulong tinh che. 

Neu moi noi dung lien ket han thi gia tri £1 2 se la momen quan tinh doi vdi true trung 
hoa toan mat cat cua dien tich tinh toan moi han. 

Kha nang chiu luc cita moi noi dupe xac dinh bang kha nang cua tap ban noi hoac 
bang kha nang cua cac li6n ket cua tap ban noi do (cua cac dinh tan, bulong, moi han) 
Do vay doi vdi mdi tap ban cita moi noi ddu phai xac dinh so' 2I 2 2 lan: lan dau theo 
momen quan tinh thu hep cua cac tap ban noi, lan sau theo momen quan tinh cua cac 
dien tich tinh doi cua cac dinh tan hay bulong lien ket. 
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Dic*n tfch dufrng anh hudng momen lion tai mat cat dang xet cua dfun tfnh toan theo 
so d6 dam gian dom: 


• Doi vofi dim chu thi nhip tfnh toan bang khoang each giua hai tim goi 1 (X. = 1). 

• Doi vdi dam doc he mat cau thi nhip tfnh toan bang khoang each giua 2 dam ngang 
hai dau dam dupe xet (k = d). 

• Doi voi darn ngang nhip tfnh toan bang khoang each giua hai tim dan chu (hoac 
dam chu). 

• Doi vdi dam doe cut phai tfnh toan theo so do cong xon co nhjp bang khoang each 
tu" tim dam ngang bien den dau mut hang cua dam doc cut / k . 

Cac cong thuc tinh dien tfch dudng anh huemg momen uon nhu sau: 

• Doi vdi dam chu: fik = Up = a (1- a) I 2 / 2 

• Doi vdi dam doe he mat cau: D.k = Up = a (1- a) d 2 / 2 

• Doi vdi ddm ngang phfa trong: Uk = Up = d e 0 

• Doi vdi cac dam ngang dau (bien): Uk = Up = (d + / k ) ej 2d 

trong do: 


e u - khoang each tu tim dam chu (dan chti) den mat cat dupe xet cua dam ngang. 

e 0 phai nho hem hoac bang khoang each tu tim dam chu (dan chu) den dam 
doc he mat cau gan do nhat, (m) 

d - chi6u dai khoang dam doe. 

/ k - chi6u dai dam doe cut. 

He so (X the hien vj trf tuemg doi cua dinh Jufmg anh hudng dupe xac dinh nhu sau: 


* Doi vdi dam chu: a = a ( //. 

* Doi vdi dam doe he mat cau: a = a ( /d. 

* Doi vdi dam ngang phfa trong a - 0.5. 

* Doi vdi dam ngang dau a = 0. 
trong do: 


a u - khoang each tu dinh dudng anh hudng den dau gan nhat cua no, (m) 


10.3.5. Tinh toan cudng do theo ungsuat tiep 


- Cac mat cat can phai xet bao gom 
Doi vdi ddm chit vd ddm doe mat can: 

• Mat cat tai goi va cac mat cat bi giant yen do cac Id dinh hoac do cac khuyet tat hu 
hong khac (thd qua true trung hoa). 
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• Can xet thdr qua true trung hoa cua mat cat noi tren. 

Doi v&i dam ngang: 

• Mat cat qua cac 16 dinh d£ lien ke't voi dam doc. 

• Mat cat nguy hi6m di qua cac 16 dinh de lien ke't voi dam doc. 

• Cac mat cat nguy hi6m khac. 

- Hoat tai rai deu tuong dirong cho phep (T/m) khi tmh theo umg sua't phap doi voi 
mat cat vuong goc bat ky cua dam durpe tmh theo c6ng thurc: 



s k n A 


0,75 mRI5 
S 


-'p^Zp"p) 


trong do: 

Q k - dien tfch dirong anh hirong lure cat tai mat cat dang xet cua dam (m 2 ). 

Q p - tong dien tich diremg anh huomg lire cat (m 2 ). 

I - mdmen quan tinh cua mat cat nguyen la'y doi vdi true trung hoa (m 4 ). 

S - mdmen tinh cua nua mat cat nguy6n b6n tr£n true trung hoa la'y d6'i voi true 
trung hoa (m 3 ). 

§ - chieu day ban bung dam. 

e k - he so' phan b6' ngang cua hoat tai doi voi phie'n dam dang xet. 
n k - he s 6 tai trong d6'i voi doan tau. 
m - he s6' dieu kien lam viec. 

R - circmg do tinh toan cO ban cua thep. 

0.75 - he so' chuyen doi tCr cufrng d6 co ban cua thep sang cubng do chiu cat 

C - he s6' xet den sir cho phep xuat hien bie'n dang deo han che 6 cac tho bi6n cua 
dSm, la'y bang 1,1 doi voi Jam chu va dam doc mat cau, bang 1 doi voi dam 
ngang va d6i voi moi triremg hop tmh toan ve moi. 

W Q - m6men cho'ng uo'n cua mat cat dang xet (m 3 ). 

e k - he so' phan bo' ngang cua tinh tai doi voi cau kien dang xet. 

Xpn p - t6ng cac tinh tai rai d6u tmh toan (m6i loai tinh tai tirong irng voi m6t he 
so' tai trong) (T/m). 

Co the tmh toan gan dung ty so' I/S do'i vdi dam tan dinh khong co tarn nam ngang 6 
ban canh (voi bung dam cao tir 350 den 1500mm) bang 0,835 h b , neu bung dam cao tu 
550 den 1700 mm co the lay I/S bang 0,865 h b , voi h b - chieu cao bung dam. 


Neu tai mat cat goi khong co ban dem thang dirng, trong tinh toan chi lay mat cat 
bung dam, hie do co the lay I/S ~ 0,667 h b . 
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- C'ac dien tich dudng anh hirdng lire ck dirge tfinh tc>an nhc sau: 


^ ^ u. r. (0,5/ + C )" 
Doi vai dam chu fT =- 2 — 

k 2/ 


(umg vai A. = 0,5 1 + C Q va a = 0); Q p = C 0 
Rieng mat cat tai goi thi Q k = Q p = 1/2 
(umg vai A. = 1 va a = 0) 


trong do: 

C 0 - khoang each Cir giira nhip den mat edit dirac xet cua dam (m) 
• Doi vai dSm doc he mat cau: 


Q p = C 0 ; <T k = 


(0,5d + C, o )- 

2d 


(ung vdi X = 0,5 d + C 0 va a = 0) 

Rieng mat cat tai goi thi Q k = £2 p = d / 2 

• Doi vai dcim ngang phia trong Q k = Q p = d 
(ting vdi X = 2d va a = 0,5) 

• Doi vdi dam ngang d£u 





( d + 1 k )~ 

2d' 


(umg vdi X = d + / k va a = 0) 

/ k - Chi6u dai dam doc cut, (m) 

10.3.4. Tinh toan theo cudng do ctia lien ket thdp gck ban canh vdi ban bung (bang 
dinh tan, bulong hoac han) 


Trong cac tinh toan deu xet tren mol doan ban canh dai 1m. 

Cong thi'rc tinh hoat tai rai deu ttrong dtrong cho phep (T/m) theo dieu kien noi tren 
nhir sau: 


- Khi ta vet ke true tiep len ban canh tren cita d;am: 

mRF 




If 100a p S'Q k 


+ A, 


Khi ta vet khong ke true tiep len ban canh treri cua dSm: 
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mRF 0 I 

100a p d k n k Q k S' 


trong do: 

F 0 - didn tfch tfnh toan tfnh doi cua cac dinh tan (buldng) hoac mdi noi han lidn 
ket ban bung vdi thep goc cua ban canh hoac vdi ban canh. 

+ ddi vdi dinh tan (buldng) F 0 = n d / p 0 

+ doi vdri moi han: F 0 = sF mh 

1 / p G - didn tfch tfnh toan tfnh doi cua dinh tan (buldng) 

n d - sd lupng dinh tan (buldng) tren doan canh dai lm dang dupe xet 

S - he sd' tfnh toan moi han 

F mh - didn tfch cac mo'i han tren doan dai 1 m 

a p - he sd' xet ddn trong lupng ban than dam: 

+ khi tfnh dam doc va dam ngang hay dam chu ngdn hem 20m —> a p = 1,1 
+ khi tfnh dam chu co nhip dai 20 - 45m —» a p =1,1 - 1,2. 

+ cac sd' trung gian ldy noi suy 

S’ - mdmen tmh cua mat nguyen canh dam (gom ban canh va cac thep goc 
canh), ldy ddi vdi true trung hoa cua nd (m ? ) 

I - mdmen quan tfnh cua mat cdt nguyen cua dam, lay ddi vdi true trung hoa cua 
nd (m 4 ) 

A 3 - tham sd xet den ap lire tdp trung do ta vet ke true tiep len ban canh tren cua dam. 

10.3.5. Tfnh toan theo on dinh chung 


Ddng cdp cua dam theo dieu kidn Sn dinh chung dupe tfnh toan theo cong thurc chung 
da neu d muc 10.2.1, trong do tri sd hoat tai rai ddu tuong duong cho phep (T/m) dupe 
tfnh theo cac quy dinh dudi day: 

Phai tfnh toan theo di6u ki6n on dinh chung cua dam khi chi£u dai tu do / 0 cua ban 
canh chiu nen (khoang each giua cac nut cua he lien ket doc d ban canh nay) ldn hon 15 
ian chi6u rong cua nd. 

Khdng phai tfnh toan theo di€u ki6n on dinh chung cua dam neu mat c3u co cac ta vet 
thep da dupe lien ket chat che vdi dam thep bang cac buldng moc hoac neo co kidu cua 
dam lien hop thep - BTCT. 

- Dieu kidn on dinh chung la tri sd ufng sudt phap nen ldn nhdt xudt hien trong ban 
canh khi khai thac, tfnh theo mat cat nguyen, khdng vupt qua cudng do tfnh toan bang 
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cpR, nbu trong ket can chiu nen dung tam. Dac trirng hinh hoc cua mat cat nguydn lAy 
doi vdi thd chiu nen nhidu nhat la W 

Tir cong thuc co ban: 

, i P R ' G -c p a,Xp n r 

t: k - n k 

Tliay R’ = cpR, thay G = W ta co cong thurc sau: 


k = - (mtpR W - £ pn p ) 

e k .n K . . 5,4 

La cong thuc tfnh hoat tai rai deu tuong duorng cho phep dung de tfnh dAng cap cua 
dAm theo didu kien on dinh chung. 

trong do: 

Q p = Q k - dien tich dudng anh hirdng niomen non cua dam doi vdi mat cat d giCra 
chidu dai tit do duqc xet cua ban canh chiu nen (m 2 ) 

(p - he so uon doc lay tuy tlieo do manh quy udc cua ban canh chiu nen X Q = l Jr 
/„ - chidu dai tu do cua ban canh chiu nen 
r - ban kinh quail u'nh quy udc cua ban canh chiu nen im) 


m - he so didu kien lam vice 

I c - momen quan tmh nguydn cua ban canh chin nen. lay doi vdi true trong tam (m 4 ) 
F c - didn tich mat cAt nguydn ciia ban canh chiu nen cua dam (m 2 ) 

W - momen choiig uon cua toan mat cat nguydn cua dim ung vdi thd bien chiu 
nen cua dAm, lay doi vdi true trung hoa cua dam (nr 5 ). Mat cAt duqc xet d 
day la mat cat d gifru thicu dai tu do cua ban canh chiu nen. 

- Tri so chidu dai tu do / n duqc lay tlieo cac quy dmh sau: 

• Neu co he lien ket doc d vung ban canh chiu nen cua dAm va co he lien kei ngang d 
cac mat cat got cua dam thi l a bang kho.ing each giufa cac nut cua he lien ket doc (m). 

• Neu chi co lie lien ket doc a viirg bar canh chiu keo cua dAm va cd he lien ket 
ngang d trong pham vi nbjp cung nhu d cac mat cat goi cua dAm thi l Q bang khoang each 
giCra cac lien ket ngang (m). 

• Neu khong co he lien ket trong pham vi nhip thi /,, bang chidu dai nhip dani /(m). 
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Khi tilth toan dam ngang, I Q se dupe lay tri so nao Ion hon trong hai tri so sau: 

• Khoang cadi giu'a cue dam doc. 

• Khoang each tir tim dan chu den dam doc gan do nhat. 

Thanh phan cua mat cat ban canh chiu nen dupe lay nhu sau: 

• Doi vdi dam tan dinh: Bao gom cac ban canh, cac thep goc canh va phan ban bung 
nam trong pham vi chi6u cao cua thep goc canh. 

• Doi vdi dam han: chi gdm cac ban canh. 

10.3.6. Tmh toan theo dieu kien on djnh cue bo cua ban bung co sudn dung tang 
cudng d mat cat goi dam 

So d6 tfnh toan la mot cot chiu nen dung tarn bdi luc nen la phan luc goi bat lpi nhat 
thang dung, mat clt cua cot quy ude nay bao gdm phan ban bung dam or tren goi va phan 
dien tich mat cat cua cac sudn tang cubng dung a mat cat goi dam. 

Hoat tai rai deu tuomg duorng cho phep, dung de tinh toan dang cap cua dam dieu kien 
da neu tren dupe tmh nhu sau: 

k " o ' (< pm R F b -e p n P Xr n p) 

trong do 

= Q - dien tich dudng anh hudng phan luc goi cua dam (m) 

cp - he so udn doc lay tuy theo do manh cua cot quy ude noi tren khi uon ra ngoai 
mat phang cua dam; chieu dai tu do / 0 cua cot quy ude lay bang khoang each 
thang dung giua tim cac nut cua h6 lien ket ngang nam trong mat phang cua 
sudn cung tren goi, nhan vdi 0,7 

F 0 - dien tich nguyen cua ma! cat ngang cot quy ude chiu nen, bao gom cac thep 
goc hoac thep ban cua si dn tang cudng dung va phan ban bung dam co do 
rong 145 tinh ve mdi phia td tarn cua cot quy ude (tufc la xet do rong 285 do 
theo doc nhip dam), (m 2 ) 

5 - chi5u day ban bung d mat cat tren goi (m) 

10.3.7. Tmh toan theo dieu kien dn dinh cue bo cua ban bung dam 

10.3.7.1. Phai tinh toan on dinh cue bo cua ban bung ddm trong tru&ng hop sau 

- Khi khong co sudn tang cudng dung ma h > 505 

- Khi co cac sudn tang cudng thang dung dat each nhau xa qua 2h hoac 2m. 

- Khi co cac sudn cung thang dung, dat each nhau it hon 2h hay it hon 2m, neu h > 805 
doi vdi bung dam ihcp than, neu h > 605 doi vdi bung dam bang thep hop kim thap. 
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trong do: 

h - chieu cao tinh toan cua bung dam, duoc lay doi vdi dam han bang toan bo 
chi8u cao bung dam, con doi v6i dam tan dinh thi la'y bang khoang each giura 
cac hang dinh gan true dam nhat cua ban canh. 

8 - chiOu day bung dam. 

10.3.7.2. Hoqt tai rdi deu ticmig duemg cho phep (Tim) xet theo dieu kien on dinh 
cue bo cua ban bung dam 

Dirge tinh trong 2 trirdng hop 

a) Khi ta vet ke true tiep len ban canh tren cua dam: 



b) Khi ta vet khong ke true tiep len ban canh tren cua dam: 



10.3.7.3. Khi cac Siam tang cirdng ndm ngang thi on dinh cue bo cua bung dam 
dia/c tinh toan theo chi dan ciia quy trinh thiet ke edit m&i hien hanh 

Dang cap cua bung dam va ddng cap cua tai trong duoc xac dinh vdi: 

X = / hay X ~ d 

va a = ixjl hay a = a t /d 

10.3.8. Tinh toan theo dieu kien moi 

Nang lire chiu tai cua cac dam chii va dam phan xe chay theo di6u kien moi duoc xac 
dinh tai ch6 cat dirt ban thep nam ngang. cung nhu cac ch6 khac ma co he so tap trung 
irng suat cao. 

Hoat tai cho phep (T/m) 

k = __L; ( YRW _ CpP .n i , ) 
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Trong do: 

c - ke so chuy£n ddi. 

Q k , <T p - cac dien tich dudng anh hudng momen uon tai mat cat dang xet cua 
dam (m 2 ). 

y - he s 6 giam cudng dd tmh toan, khi tmh toan moi. 

W D - m6men khang uon tmh toan cua mat cat dang xet cua dim. 

p’ = Epj - tong cudng do tmh tai tieu chuin (T/m). 

p, - cudng do tmh tai tidu chuan thu i (khong xet he so). 

10.3.9. Ti'nh toan dam doc cut 


Nang lire chiu tai cua dim doc cut xac dinh bang each tmh toan true tiep dang cap ma 
khdng tmh toan hoat tai cho phep. Dang cap tfnh duoc cua dim doc cut se duoc so sanh 
vdi dang ca'p cua doan tau da duoc tmh toan. 

10.3.9.1. Dang cap cua dam doc cut theo ting suat phap 

K[ _ 0,13RW th 


trong do - 


W th - momen khang uon cua mat cat thu hep tai vi tri ngaro cua dam doc cut co 
xet mat cat cua ban ca (neu co) va khong xet mat cat cua tarn ban nam ngang 
cung nhu cua cac thep goc canh (m 3 ) 

a - he s6', phu thude vao s6 ta vet dat tren dim doc cut, lay bang 0,6 khi co 1 ta 
vet, bang 0,8 khi co 2 ta vet. 

L, - khoang each tir true dim ngang dSn true cua ta vet nim a diu dam doc cut (m) 
R - cudng do tmh toan co ban chju uon cua thep (T/m 2 ) 

10.3.9.2. Dang cap cua dam doc cut ve cudng do theo ting suat tiep 


Ko 


0,063Rh§ 

£ k a 


trong do: 

h - chidu cao bung dam doc cut tai mat cat ben dudi ta vet gan dim ngang nha't (m) 
5 - chiiu day tarn ban thing dung cua dim doc cut (m). 

10.3.9.3. Dang cap cua dam doc cut theo cudng do cua ban cd tren ve lien ket cua no 

0,13RhF n 

8 k al, 
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trong do: F b - dien tfch tmh loan mat cat thu hep cua ban ca F lh hoac dien tfch tfnh 
toan tmh doi cua cac dinh tan lien ket "nira ban ca" F u (m 2 ), trong cong thdc tren lay gia 


tri nac nho hem. 

103.9.4. Ddng cap cua dam doc cut vai ddm ngang khi co ban ca tren 
(thco circmg do cua dinh tan noi vai bung ddm ngang) 

= 0J3Rh k F o 
c k a 


trong do: F 0 - dien tfch tmh toan tmh d6i cua cac dinh tan lien ket thep goc noi vai 
ddm ngang (m 2 ) 

103.9.5. Dang cap cua dam doc cut vai ddm ngang khi khong co ban ca tren (theo 
cifongdo cua dinh tan noi vai bung ddm ngang) 

Duac tmh theo cong thurc sau: 

0.027Rh,F 


- Khi tmh ve cirdng do: K 5 = 


l k 1 0 


8 k al, 


- Khi tmh v£ moi: 


K, 


0,032Rh k F 0 


8 k al,0 


trong do: 

F 0 - dien tfch tfnh loan tmh doi cua cac dinh tan chiu dirt ddu dinh (chiu 

nhd) (cm 2 ) 

h k - khoang each giura cac dinh tan bien trong ddm ngang trong pham vi chibu 
cao dam doc cut (cm) 

0 - he so chuyen dbi 

103.9.6. Dang cap cua dam doc cut theo cuang do dinh tan a bung ddm doc cut 


- Khi co ban ca tren 


K 7 = 


0,13RF o 


1 

U) 

1 + 8,4 




- Khi khong co ban ca tren K g = 


0,13RF 0 


4 j 1 2 1 


'i. v 


V h k j 


trong do: 

F 0 - dien tfch tfnh toan tfnh d6i cua cac dinh tan trong ban thang dung cua dam 
doc cut, ldy theo sir lam viec cua dinh tan chiu cdt 2 mat hay chiu ep dap (m 2 ) 

h’ k - khoang each giua cac dinh tan bien trong bung ddm doc cut (m). 


289 




10.3.9.7. Dang cap cua dam doc cut da xac dinh theo cac cong thtic tren duoc so 
sank v&i dang cap cua tai trong 

K o = 0,15P o (l+p o ) 

trong do: 

P 0 - tai trong do true nang nhit cua doan tau de len ray (T) 

(1 + p 0 ) - he so xung kich cua tai trong do dupe tmh vdi X = 0. 

10.3.10. Dieu kien tinh toan lien ket dam doc vdi dam ngang 


a) Theo cudng do dinh tan lidn ket thep goc vdi dam doc (neu dung bulong thuong 
hoac bulong cudng dd cao thi cung tmh toan nhu doi vdi dinh tan co xet den dien tich 
tinh toan tinh dbi tuemg doi cua bulong. 


b) Theo cudng dd dinh tan nbi thdp gdc vdi dim ngang. 

c) Theo do moi cua dinh tan ndl th6p gdc vdi dim ngang khi khong co ban ca. 

d) Theo cudng dd va dd moi cua ban ca va theo cudng dd cua lien ket cua ban ca. 

Cac cong thufc d^ tinh toan lien ket dam doc va dam ngang co xet ddn tinh lien tuc 
cua dam doc, do dan hdi thang ddng cua dam ngang, dd bien dang dan hdi gdc cua li6n 
ket va do dan dai cua thanh treo. 


Mdi noi cac dam doc ki&i dat chong ldn cac dam ngang, theo kieu lien kdt mat bich 
duoc tinh toan cung giong nhu hdn kdt dam doc vdi dam ngang dac. 

Dang cap theo li6n k& dam doc vdi dim ngang va dang cap tuong ung cua tai trong 
trong moi trudng hop noi dudi day dupe tinh vdi X = d va a = 0. 


10.3.11. Tinh toan lien ket dam ngang vdi dan chu 


10.3.11.1. Neu moi noi cau tao nhu tren hinh ve 10.1a thi hoat tai cho phep 
(T/pi duong) la 


k = 


1 

c k n k Q k 


(<mRF 

\ w 



trong do: 

Q k = <T p - dien tich dudng anh hirdng lire cat trong mat cat dim ngang, nim tren 
giira dam doc va dan chu (m 2 ) 
m = 1 - he so di£u kiSn lam viec 


F u = — - dien tich tinh toan tinh doi cua cac dinh tan ihii k chiu cat hoac chin 
P« 

ep mat dung de lien ket ban noi dau dam ngang vdi hai nhanh ciia thanli 
dung cua dan chu (m 2 ). 
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Ngoai ra can kiem totin cuong do moi noi ban noi dau dam ngang vori t£rn th&ng dung 
cua dam ngang 



Hinh 10-1: Can too noi ghep dam ngang vcn dan chu 
a) Kielt noi chap; h) Co ban hinh thang; c) Co ban nd'i tam giac 
A. Ban noi chap; B. Ban noi hinh thang 

10.3.11.2. Khi trong moi noi dam ngang vao dan chu co cac thep goc noi va ban 


hang thang dung nhit hinh 10.lb 
Tmh toan nhu cong thuc sau: 


e L n,£2. 


((mRF 0 -e pQ ) 


voi m = 1 ,C 


Khi xac d t nh dien tich tmh toan tinh doi F G duoc phep xet d6'n cac dinh tan lien ket 
thep goc noi vdi dan chu (khong ke cac dinh tan trong pham vi chi^u cao thanh bien cua 
dan) hoac noi vdi dam ngang (khong k6 cac dinh tan trong pham vi chi6u cao ban noi 
hSng thang dung noi tren). Trong cac tfnh toan se lay tri so nao nho hcfn. 

10.3.11.3. Khi co ban tam giac tang cu&ng nhu tren hinh 10.1c cung nhu khi lien 
ket dam ngang bdng cac thep goc dat chi trong pham vi chieu cao dam ngang 


Tmh toan theo cong thuc 




((mRF o -e pH ) 


He so' dieu kien lam viec m = 0,85. Dien tich lam viec tinh ddi cua dinh tan cung 
duoc xac dinh giong nhu truong hop co ban noi hang b hinh ve 10. lb. 
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10.4. TfNH TOAN CAC BO PHAN CUA DAN CHU 


10.4.1. Tinh thanh chiu nen theo orcrng do ciia ban giang hay thanh giang 

Nang lire chiu tai cua thanh dan chiu nen theo diPu kien cirPng do cua ban giang hoac 
thanh giang dupe kiem toan doi vpi trudng hop mat cat ghep hinh hop hoac hinh H g6m 
cac nhanh dupe noi ghep voi nhau tren suot chi£u dai bang mot hay hai mat phang thanh 
giang hoac ban giang. 

10.4.2. Tinh toan thanh bien tren cua dan khi ta vet dat true tiep len no 


Xac dinh hoat tai cho phep (T/m) doi vdi cac thanh bien tren (chiu nen) cua dan co ta 
vet dat true tiep len chung trong hai trudng hop: 

- Khi tinh v6 cudng dp 

- Khi tinh v6 on dinh 

Dang cap de tinh toan nang luc chiu tai cua cac thanh bien tren cua dan chu khi co ta 
vet dat true tiep len chung duoc xac dinh nhu phan 10.1.6 khi A. = /; a = a Jl. 

10.4.3. Tinh toan nut goi nhon cua dan 


Nut goi nhon la nut dau dan, chiu uon 

Dang cap cua nut goi nhon cua dan chu ket ca'u nhip duoc xac dinh: 

Theo ung suat phap duoc xac djnh tai cac mat cat 

a) Mat cat 1-1 tai ch6 bat dau cua thanh bien 

b) Mat cat 2-2 b each mat cat 1-1 mot khoang bang 0,4 - 0,5m 

c) Mat cat dut cac tarn nam ngang 

Theo ung suat tiep b g6i theo dieu kien cuong do cua cac tap ban thang dung, b vi trf 
true trung hoa va theo dieu kien cudng do cua cac dinh tan nam ngang lien ket ban canh. 
Tat ca cac mat cat tinh toan deu thang dung. 

10.4.4. Tmh toan he lien ket va giang gio 


He lien ket doc cua dan chu ket cau nhip dupe kiem toan theo dp manh A 0 = I Jr 

- Doi voi cau kien cua he lien ket doc nam 6 mat phang cua thanh bien chiu keo, lay 

bang 200. 

- DPi voi cau kien cua he lien ket doc, nam b mat phang cac thanh bien chiu nen, 
cung nhu doi vo'i he lien ket ngang va dam hang lay bang 150. 


- ChiPu dai tu do cua cac cau kien he lien ket / 0 , dupe xac dinh cung nhu tinh toan cac 
thanh cua dan chu. Doi voi cac thanh bien co hai thanh dung thi chieu dai hinh hoc cua 
cac cau kien dupe lay bang chiPu dai cua chiing giira cac thanh dung ben trong cua cac 
thanh bien dan 
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Doi vdi he lien ket co cac thanh bat cheo nhau lam bang cac thep goc giong nhau thi 
kie’m toan theo hai gia thiet: 

- Ban kfnh quan tfnh mat cat r duqc lay doi vdi true di qua trong tarn mat cat va song 
song vdi mat phang ciia he lien ket, con chieu dai tu do lay doi vdi dang dan phuc tap. 

- Ban kfnh quan tfnh mat cat dupe lay la nho nhat, con chieu dai tu do lay bang nua 
khoang each cua tarn lien ket cua thanh cheo. 

10.5. XET ANH HU0NG CUA CAC HU HONG VA KHUYET TAT CAC B0 PHAN 


10.5.1. Anh hubng cua sir giam yeu bo phan do gi 


Khi trong ket cau nhip co nhung bo phan bi gi dang ke thi ngoai viec tfnh toan mat 
cat ma b do co ung luc Ion nhat tac dong, can phai tfnh toan phan cap them ca nhurng 
mat cat da bi giam yeu do gi. 


Anh hubng cua gi kirn loai duoc xet den bang each dua vao trong cong thuc tfnh toan 
cac dac trung hinh hoc thuc te cua mat cat dupe xet den co ke den su giam yeu do chung 
bi gi. Trong moi mat cat nhu the can xac dinh cac dac trung hinh hoc tueng ung doi vdi 
phan mat cat con lai chua bi gi. 


Khi tfnh toan v6 do moi cua cac c<lu kien da bi giant yeu do gi thep thi can phai xet 
he tap trung ung suat. 


10.5.2. Anh hurting cua su cong vCnh ciia Ode can kien 


Khi cau kien chiu nen co do cong venh vdi duimg ten f > 0,0025 l Q doi vdi ket cau 
mat cat td horji hoac mat cat thep hinh H co ban tarn nam ngang dac hoac co f > 0,143 p 
doi vdi cau kien co mat cat ngang 11 (l 0 - chieu dai tu do; p - ban kfnh loi ciia mat cat) 
anh hubng cua do cong venh can phai dupe k6 den khi xac dinh he so uon doc (p. He so' 
uon doc cp trong trubng hop do lay tuy thuoc vao do manh X 0 va do lech tarn tuong do'i i. 


Neu trong mot cau kien to hpp ma do cong venh cua nhanh la f > 0,004/ o thi trong 
dien tfch tfnh toan cua cau kien khi tfnh toan chi dupe dua vao dien tfch cua nhanh 
khong bi cong venh. 


Cac cau kien chiu nen co cac cho cong venh cue bo cua tarn ban thep hoac cua thep 
goc khi ma dubng ten do uon Ibn hon tri so p da dupe tfnh toan ma khong xet den cac 
tarn ban thep goc do (p - ban kfnh loi cua phiin bi hu hong cua mat cat, bao gom moi bo 
phan da bi hu hong - cac ban thep, cac thep goc... theo hubng ngupc vdi hudng cua do 
lech tarn). 

Dam co thanh bung dac bi cong venh trong mat bang gitra cac nut cua he giang lien 
ket se dupe kiem toan v6 bn dinh chung co xet den do cong venh ciia ban canh chiu nen. 
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10.5.3. Anh Huong cua cac 16 thung, cac cho mop lorn va cac vet nut 


Ta't ca cac 16 thung, cac ch6 lom va cac vet nurt lam giam yeu mat cat, d£u phai dupe 


xet den khi xac dinh cac dac trung hinh hoc tinh toan cua mat cat dupe xet. Cl mdi mat 
cat bi giam yeu c£n phai dupe xac dinh vi tri tucmg urng cua trong tarn co den cac hu 
hong. Doi vdi mat cat bj giam yeu do 16 thung va vet lom thi khi tinh dac trung hinh hoc 
mat cat phai xet phan chua bi hong cua kim loai va vi tri bat dau cua phan do a each 3- 
5mm k^ tir mep bien vet lom hoac mep 16 thung. 


Khi co vet nut da dupe khoan 16 chan hai dau vet nut thi mat cat tinh toan dupe la'y tir 
mep 16. 

Neu vet nurt hoac 16 thimg lam giam yeu a mot mat ben cua thanh chiu nen hoac 
thanh chiu keo vdi cac hu hong a mep thanh thi khi tfnh toan, ngoai vi6c xet su giam yeu 
cua mat cat con phai xet d6'n muc do lech tarn truySn urng luc len phan con nguyen lanh 
cua mat cat. 


Muon vay dien tich tfnh toan dupe xac dinh nhu sau: 


- D6'i voi ca'u ki6n chiu nen: G = F’ q> 


- D6i vdi cau kien chiu keo: G = F’ n - 

e F’ 

1 H--—- 

trong do: F’ , W’ - dien tich (m 2 ) va momen khang u6'n (m 3 ) cua phan nguyen lanh 
cua mat cat bi giam y6'u nha't. 

Tren hinh ve 10.2 cac vung hu hong cua d<im thep dac. Nhiing hu hong vung 1 khong 
co anh hucmg Ion den nang luc chiu tai cua ket cau nhip va neu thep goc tang cuofng 
cung khong bi hu hong thi co th6 bo qua khong xet den cac hu hong. N6'u hu hong a 
vung 3 thi phai ki6m toan mat cat bi giam yeu theo trng suat tiep. 


/ 



Hinh 10.2: Cac vung hi/ hong cua dam thep due 
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Phai kibm toan v6 cubng do va ve moi doi voi dam da hu hong theo ling suit phap tai 
mat cat giam yeu bang cac cbng thbc giong nhu doi vcri dim khong bi hu hong. Trong 
tinh toan se lly tri so nao nho hon cua mbmen khang ub'n tmh toan cua phln nguyen 
lanh cua mat cat da dupe tinh toan hai I4n, doi voi: 


- True di qua trong tam cua mat cat chua bj hong 

- True di qua trong tam cua phan mat cat con lai sau khi hir hong 

Momen khang uon tinh toan trong ca hai truemg hop dupe tmh doi vdi thd bi6n tren 
va thd bien duoi cua mat cat. Cac mep phan chua hu hong cua mat cat dim chiu ubn 
duoc la'y cung nhu doi vdri ca'u kien cua dan. 

De tinh gan dung, co the tmh hoat tai cho phep (T/m duong), khi tinh toan theo ung 
sua't phap co ke den hu hong nam trong vung 3 la: 


k = 


/ 

e k n k 


1,15R5(h - Ah) 
/ 


0,5p 


trong do: 

R - cubng do tinh toan co ban (T/m : ) 

8 - chi6u day ban bung dim (m) 
h - chieu cao toan bo cua bung dam tren goi (m) 
Ah - chi£u cao phan hu hong cua bung dam (m) 

/ - nhip tinh toan cua dam (m) 


10.6. TINH TOAN CAC B0 PHAN DUOC TANG CU0NG 


10.6.1. Nang lire chiu tai cac cau kien ket cau nhjp da duorc tang cirong bang each 
them thep 

Dupe xac dinh nhu sau: 

Hoat tai cho phep theo cubng do va on dinh cua cau kien dan chu sau khi gia c 6 dupe 
xac dinh theo cac cbng thuc (T188-189, Quy trinh ky thuat kiem dinh c£u duong sit) 
phu thuoc vao phuong phap gia co, dau cua noi luc va tai trong (tmh toan theo cubng do, 
tinh toan theo on dinh). 

Hoat tai cho phep khi tfnh toan theo moi doi voi cau kien sau khi gia co dupe xac 
dinh theo cac cbng thutc: 

Khi tfnh cac cau kien dupe gia co co do trong luong ban than: 

kfJ = 1 .((uiyRG y -e p p'D p ) 
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Khi tinh cac cau kien dugc gia c6 khong dd trong lugng ban than: 

kn “Zfkr( (myRGy _£: p y ^ p ' n p) 

Trong do y yc - he so tinh toan khi cau kien dirge gia co ma khong co dd trong ugng 
ban than: 


Y yC 


= 1 + 


m Po G H 

' G 0 


10.6.2. Nang lire chiu tai cua cau kien bi nen, da dirge tang cirbng bang g6 


Dirge xac dinh theo cong thuc k =—-((mRCW n _£ p :G p)X!P ri p) CLf£fl S do 

£ ^ n^. £2^ 

theo dien tich nguyen cua ph£n chira bi hu hong cua bo ph&n F, con ve on dinh th theo 
dien tich tinh toan F 0 =1,1 cp F’ p (m 2 ). 

ip - he so uon doc dugc xac dinh theo do manh quy irdc X v 

F’ d - dien tich mat cit nguyen cua phan chira bi hu hong cua bo phan (in 2 ) 

Do manh quy ude: X = lj\ 
l 0 - chibu dai tu do cua bo phan 

r - ban kinh quan tinh (m): r = 

I p - momen quan tinh tinh doi cua mat cat nguyen (m 4 ) 

i p = r p + o,o5 xi d 

F p - momen quan tinh cua phan khong bi hu hong cua mat cat ngang thep doi vdi 
true ban than 

ZI d - tong cac momen quan tinh cua cac bo phan bang gd doi vdi true ban tliar (m 4 ) 
10.7. CAC CHI DAN THUG HANH TINH TOAN 



Tinh toan dang cap cua cac bo phan, cac moi noi, cac cau kien va cac lien kit cua 
chiing nen dugc lam dudi dang bang. Neu co cac tinh toan dac biet khac bo sung ! hi tap 
hgp trong phan muc luc cua ho so. 

Khi cac hu hong (do gi, do luc, cong venh...) chi d cac bo phan rieng le cua ku cau 
nhip, thi nen tinh loan ding cap cua moi bo phan ket cau nhip, khong ke den hirhong, 
sau do se xac dinh nang luc chiu tai ciia cac bo phan hu hong. Di6u dd cho phq danh 
gia cu the anh hudng ciia hu hong bo phan den nang luc chiu tai cua no. 
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Trong bang ket luan ve dang cap cua ket cau nhjp cdn phai chi ro dang c£p cua cac bd 
phan co kd den cac her hong kem theo cac chu thich ti mi. 


Trong trudng hop cac bo phan ket cau nhip bi gi dang kd hoac bi hir hong thi vide xac 
dinh nang lire chiu tai cua cac bo phan do can dirpe iru tien lam ngay lap turc, trong do co 
ke den gi va cac hu hong de co quyet dinh ve che do khai thac c3u. 


Khi tinh toan cau kien chiu nen cua dan, nang lire chiu tai cua no c5n phai xac dinh 
theo cirdng do va On dinh, de giam khoi lirong tinh toan c^n xac dinh trude cac dien tich 
tinh toan quy irbe cua cac bo phan khi tinh toan vO cirong do (mF lh ) va khi tinh toan vO 
on dinh (mcpF p ). Sau do chi can tinh toan, hoac ve cudng do, hoac ve on dinh tuy theo tri 
so dien tich tinh loan quy croc nao be hem. 


Khi tinh toan cac moi noi va cac lien ket (ke' ca ban nut dan) cua cac c&'u kien chiu 
keo va cau kien chiu nen thi can xac dinh dien tich tinh toan quy ude tinh ddi cua cac 
dinh tan (bulong) mF 0 va dien tich quy ude cua ban nut chiu xe rach (mF’ 0 ). Neu trj so' 
(mF 0 ) hay (mF’ 0 ) Idn hon ti i so tuong irng ciia dien tich tinh toan quy irdc cua bo ph$n 
(mF th , hay m(pF p ) nang lire chiu tai cua bd phan va cudng do mo'i (lien k6t) hay ban nut 
co the khong duqc xac dinh. 


Trong trudng horp nang lire chin tai cua cac bo phan dan ve tnoi la khdng du thi ciin 
xac dinh lirong tich luy hu hong moi (do du tru) theo ly thuyet hu hong tich luy (thuoc 
phan tinh toan dac biet cua hd so' kiem dinh cau). Theo ket qua cua tinh toan do ma l$p 
dieu kien khai thac va chon bien phap tang cudng ket cau nhip phu hop. 
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Chuong 11 

THLTNGHIEM CAU 


11.1. CAC VAN DE CHUNG 


11.1.1. Muc dich thiir tai cau va cac trudng hap cau thur tai 

Muc dich chinh cua viec thu tai cau la lam ro cac dac diem lam viec thuc te cua toan 
cong trinh c&u noi chung cung nhu cac bo phan rieng le cua c£u. 

Trong khi thiet ke cau thubng phai dung nhung so d6 tinh toan dcfn gian hoa va 
nhung tfnh chat vat lieu dai dien. V] vay tat nhien sir lam viec thuc te cua cac ket cau c^u 
se khac voi cac gia thiet tfnh toan. 

Ket qua cong tac thu tai c£u con duoc dung d6 nghien cuu nhSm hoan thien phuong 
phap tfnh va phucmg phap danh gia nang lire chju tai cua cau. 

Mat khac trong qua trinh khai thac c^u thi di^u kien lam viec cua cSu cung co nhiing 
thay doi, tfnh chat cac vat lieu lam cau cung thay d6i theo then gian. Viec thu tai cau se 
giup chung ta hie’u ro anh huang cua nhirng thay doi do den su lam viec thuc te cua cau. 

Cun tien hanh thu tai c au trong nhung trUong hoy?: 

1 - Khi nghiem thu cau mdi xay dung xong. Viec nay nham thu thap cac so lieu ban 
dau cac bien dang chung va bien dang cue bo, cac do vong, cac chuydn vi cua cac gdi 
cau, cac chu ki va bien do cua dao d )ng thing dung va dao dong nim ngang, trang thai 
ung suat a nhung cho dac trung nhat cua ket cau va cong trinh v.v... cac so lieu nay se 
dupe so sanh voi cac so lieu tfnh toan tuefng ung. Chung dupe luu tru dd sau nay khi co dip 
thu tai lan khac se so sanh tim ra nhung thay doi da xay ra trong qua trinh khai thac cau. 

2 - Khi co nhu cau can phai chmh xac hoa ket qua tinh toan nang luc chiu tai cua 
mot ciu thuc nao do trong mot tinh huong dac biet nao do. 

3 - Sau khi ket thuc viec tang cudng sua chua mot ciu cu. Muc dich dd danh gia hieu 
qua ciia viec tang cudng sua chua vua thuc hien xong. 

4 - Thuc hien mu tai dinh ky trong qua trinh khai thac cau, phat hien cac thay doi 
trong su lam viec ciia cac bo phan ket ciu cau. 

5 - Trong cac tnrdng hpp dac biet nhim muc dich nghien cuu hoan thien ly thuyet va 
phuang phap tinh loan ket cau cau. 
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11.1.2. Noi dung cdng tac thir tai cau 


Cong tac thu tai cau bao gom viec thir cau dubi hoat tai dumg yen tren cau (thir tai 
tTnh) va viec thir cau dubi hoat tai chay qua cau (thir tai dong). Co the’ thur tai dong vbi 
cac loai doan xe 6 to, doan tau thong thubng hang ngay qua cau hoac thu tai vbi cac 
doan xe 6 to, doan tau dac biet. 

Doi khi, neu can thiet, cong tac thir tai cau duqc ket hop vbi cong tac nghien curu 
trong phong thf nghiem (ve vat lieu, tren mo hinh, v.v...). 

Noi chung can do cac (hong so ky thuat sau: 

- Khi thu tai tlnh : 


+ Do vdng, do v6ng cua dam (dan, vom) chii. 

+ Do lun cua mo tru, goi. 

+ Chuy6n vi ngang dau tren cua mb, tru, gbi. 

+ Ung suS't lbn nhat a cac mat cat can kiem tra. 

+ Uhg suat tap trung, ung suat cue bo (doi vdi cong trinh co ybu ebu dac biet). 

+ Bien dang dan hoi va bien dang du. 

- Khi thir tai dong : 

+ Do vong dong cua ket c£u nhip. 

+ Do lun cua mo, tru, gbi. 

+ Chuydn vi ngang dbu trbn cua mb, tru, got. 

+ Ung suat lbn nhat. 

+ Bien do va tfm so dao dong tu do theo phucrng thAng dung. 

+ Bien do va tan so dao dong tu do theo phuorng nam ngang (dac biet doi vbi cau 
cong, cau dudng sat). 

+ Bien dang dim hoi va bien dang du. 

Tn(dc tien can phdi lap de nfcfng tliif tai can bao gom cac noi dung chu yen: 

• Khai quat vi tinli chat, dac diean cong trinh. 

- Mb ta thuc trang cong trinh. 

- Nhung hien tuqng can liru y vi chat luqng thi cong cong trinh. 

- Yeu cau va inuc dich cong tac thir tai. 

- Cac noi dung can quart sat, do dac lire thu tai. 

- Tai trong thir cau, each bo trf va trinh tu xep tai, do tai, thbi gian giu tai dung. 

- To chirc can thir tai trubc khi xep len cau. 

- Cac may mbc, thiet bi do dac. 

- So do bo tri cac diem do. 
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- Ke hoach bo tri cac lire lirong can bo do dac. 

- Bo tri phuong tidn phuc vu do dac (da giao, can clu, cano...). 

- Xac djnh thoi gian thu nghiem thfch hop. 

- An toan lao dong cho ngudi va may moc. 

- Phan cong trach nhiem giQa cac dcm vj tham gia thu tai. 

Sau khi dd cuong thu tai dupe cap co tham quydn duyet, can lap ho so thiet ke thu tai 
kern dir toan. Trong ho so phai cu the hoa tit ca cac noi dung da co trong dd cuong thu 
tai va thd hien bang cac ban ve, ban tfnh chi tiet. 


Trong qua trinh thu tai cau se do cac bien dang chung co y nghla dac trung cho su 
lam vide tdng the cua toan ket clu (cac chuyen vj goc hoac chuyen vi thing cua ket cau 
nhjp hoac cac bo phan cua no, hoac cua mo tru v.v,..). Cung cln do nhung bien dang cue 
bo d6 tCr do suy ra trang thai ung suat cua bo phan ket cau. 


Khi thu tai d6ng ngudi ta dung cac thiet bi ghi lai dac trung dong hoc cua toan clu 
noi chung hoac cua cac bo phan rieng le. 

Muon chon hop ly loai thiet bi do d6’ thir tai clu cu the’ nao do cln phai dir kien gan 
dung trude cac tri so va dac diem cua cac bien dang sap sua dupe do. Muon vay phai 
tfnh toan trude hoac tham khao cac ket qua do da co d cac cuoc thu tai tuong tu trude 
d^y. Neu chon dung loai thiet bj can dung thi edng tac thu nghiem cau se lam nhanh gon 
va chinh xac, tiet kiem. 


Trude khi thu tai cln phai lap so do b6 tri cac thiet bi do, danh so hi6u, lam cac mftu 
bang ghi so lieu cho phu hop vdi tirng thiet bj do va vdi so dd thir tai, phan cong cac 
nhan vi6n do dac va huan luyen lai ho cho phu hop noi dung thir tai clu cu the;. 

Khoang thoi gian thu tai can dupe du kien chinh xac, dac biet vdi cac cau dudng sit 
dang khai thac thi phai chon thdi diem "cua sd" cua bieu do tau chay. Cung can Uru y 
edng tac an toan trong qua trinh thu c au phai theo dung cac quy djnh thong thudng. Vide 
chi huy va thong tin trong qua trinh ihu tai cau la rat quan trong, nhat la doi vdi cac clu 
ldn, cau dudng sit, clu dang khai thac trdn cac tuydn dudng nhidu xe co qua lai. Cln co 
cac phuong tien loa, may bo dam, xe oto con, di6n thoai. 


11.1,3. Tai trong thur cau 

M6t so nguyen tic tao tai trong thir dong cho ket cau noi chung da dupe trinh bly 
trong chuong 5. Trong phan nay se noi ky hon vd cac loai xe dd thu tai tlnh va thir tai 
dong cho ket cau cau. 

11.1,3.1. Xe thu tai 

Nguyen tac co ban de chon tai trong thir clu phai gay ra dupe noi luc (ma chu yeu la 
momen udn) bang 80% trj sd kha nang chju luc cho phep ciia ket cau. Neu tai trong nho 
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qua till viec thir tai khong c 6 y nghTa. Doi vdi cac criu mdi hoac cSu cu c 6 I 16 so thict ke 
thi tai trong thu phai xap xi tai trong thiet ke la tot nhat (trir trudng hop cau co cac hu 
hong nghiem trong). 

Doi vdi cac cau cu da mat ho so va co nhieu her hong, phai qua tfnh toan so bo va 
khao sat ti mi de du doan tai trong Ion nhat ma cau chiu dirqc, tur do lira chon tai trong 
thir cau. Mat khac luc thir criu cung phai tang tai dan dan va theo doi. Phai thu cdu vdi 
cac so do dat tai vdi mure dd tang ddn. 

Ngoai ra con phai tuy thuoc vao tinh hinh thuc te cua cac xe oto trong viing co the 
thue dupe lam xe thir tai. Thong thudng luc thir tai cac cau ldn can nhieu xe Idn luon 
phai didu chinh sira lai so dd xep xe cho phu hop vdi muc dich tao ra noi luc trong ket 
cau tuong duong vdi noi luc do cac tai trong thu da du kien luc dau. 

Doi vdi cac cau duong s4t, doan tail thir tai con phu thuoc kha nang thong xe cua ca 
doan tuyen ma tren dd co cau dang c£n diroc thu tai, cung nhu phu thuoc tinh hinh dau 
may toa xe thuc co tai dd. 

De’ thu tai tinh co the dung cac each dat tai khac ma khong dung xc thir tai, vi du dat 
cac phao chua d^y nude. 

Cac xe thir tai thudng dupe chat tai bang da, cat, vat lieu nang nhu ximang, s^t thep. 

Sai so cua tai trong thu khong dupe qua ±5% so vdi quy dinh ciia d 6 an thiet ke thir 
tai. Cac xe phai can trong lupng cua tirng true xe va dupe do ve kich thuoc thuc te de lay 
so lieu tinh noi luc. 


'Prong mot so trudng hop dac biet (thir den pha hoai, thir cac bo ph$n, thir vdi tai trong 
mini ngang...) co the" dung kich tbi va cac thiet hi khac gay ra tac dong edn thiet. Nhimg 
phai co bicn phap do dupe luc tac dung chinh xac (dung dong ho do lire chiing han...). 

(Tin du kien khoang thdi gian bat driu va kei thuc do ciia tirng ngay, du phong each xir 
ly cac tinh huong bat ngd : mua bao, tai nan, kliieii cho xe thir tai khong den du hoac sai 
gid lien. 

Ncii criu dupe du kien cho tai trong thiet ke ia doan xe oto H30, co the dung cac oto 
nhan liicu Kpaz-256 (24 tail) hoac tihan liieu Kamaz. Neii can co tai trong thiet ke H18 
hoac H13 thi viec tirn chon xe oto thir tai dd ding lion. 

11.1.3.2. Cdch xep thu tai tinh 

Tuy theo muc dich cua vice xep xc tai lire cat ldn nhat hay niomen ldn nhat hoac muc 
dich nao khac ma bo ti f xe thir tai cho phu hop. 

Noi chung doi vdi cau oto, ung vdi moi mv do xep xe theo hudng doc criu d 6 u phai xet 
li nhat 2 trudng hop xep xe ngang criu la cac trudng hop xep moi xe lech v 6 thirong luu 

lioac ve ha luu. 
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Hinh Z/.L Xep .xc thu tdi cdu DakRdng 


Hinh 11 . 2 . Xep xe thutai (ten cdu hep 


Cac xe co the quay dau cung vd mot hudng de tien viec ra vao clu nhimg cung co thd 
quay duoi vao nhau nham tao ra noi lire momen hay lire cat Ion nhat a mat cat nao do 
can xet. 

De chon so do xep xe doc cau can xet dudng anh hudng phan luc goi. Khi didu xe 
tren cau phai cu nguoi chuyen trach va danh da'u bang son tu trade len cau ung vdi timg 
so do xe. 

Neu cau dai, can nhidu xe phai quy dinh danh so thu tu cho tung xe de dd didu khidn 
xe ra vao cau. Vdi mdi cap tai trong (mdi so do xep xe) phai do 3 ian nen phai co ke 
hoach didu xc ra vao sao cho nhanh chong, thuan Iqi va an toan. Ngoai ra thudng co 1 
ian xep thu ddu tien de chinh lai cac may do. Nhu vay can du tru do lap 4 ian. 

Khi thu tai cac cau cu vide xep tai phai theo nguyen tac tang dan bang 50% —» 75% 
—> 100% tai trong thu cau de dam bao an toan vdi moi cap tai can tien hanh do dac dd sc 
bo danh gia nang luc chiu tai thuc te cua cau trade khi xep cap tai ldn hon. 





Hinh 11.3. Xep 1 xe tIni’ hii d en cdu yen 
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Hinh 11.4. Xep 2 xe thu tdi lech sang mot hen 
tren can Dd Quart (Nani Dinh) 
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SO 06 V| TRi MAT CAT kET CAU NHIP CHiNH 
It III IV 



SO DO TAI 18 DO UNG SL)At TAI MAT CAT Ill-Ill VA V-V 




SO DO BO TRI XE VA Ol^rvl DO l/NG SUAt BAN MAT CAU 


BO TRI D,f;M DO >jG SUAT DAM C HO 
CO DO XEP TAI DUNG TAM 


3.55 1.9 3,0 1 .-, 



SO 06 x£p TAI LECH THUONG 



f % 

SO DO XE’p TAI LECH HA 


a Do ting suit dien - ngang cau 
» Do img suit difen - dpc ciu 
* C»o dng suat co - doc ciu 
Z Diim do vfeng 
S) Diim do dao dOng 
•» Do Cmg suit difen - thing dung 
o Do Cmg suit co - thing dOng 



Hinh 11 . 5 . So'do.\tp idi cte tlrindi phdn can khim^ chink < iia < aw Phd Lai 
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SO 06 VI TRi WAT CAt KE'T CAU NHIP DAM HOP 3x60m PH(A PHA LAI 
-L it jy jv 

i i i i $ % 

I ® I 

l a 60 > | > 30 p ^ JO M 28.5 ^ [ < 30, t J 

1.5 


a Do ling suat difin - ngang cau 
*■ 0o Cmg suat di$n - doc cau 
Oo img suSt co • doc cau 
ss Oidm do vong 
<t> Dilm do dao ding 


SO 06 tAi 11 DO L/NG SUAt TAI MAT cAt Ill-Ill VA DO LON THU P20 

, 1C , , 10 , , 10 , , 10 , , 7,3 , , 10 , , 10 , ,10 



so d6 tAi 9 do Ong suAt tai mAt cAt i-i vA iv-iv 

10 , , 10 , , 10 , . 10 , , 10 , , 10 


mBSBHiii 


[■iMiBa 


b<3 tr(diem do ONG suAt dAm chG 
sod6 xEptai OONGTAM 


1,9 1,1 1,9 1,1 1,9 


sod6x£p tai l$ch thi/ong 

1,9 1.1 1,9 1,1 1,9 


HHM 


SO D6 B 6 TRf XE VA DlfcM DO CTNG SUAT BAN MAT CAU SO D6 X£p TAl L$CH HA 

1,9 ._4,9 1,9 2,65 0,5 1,9 1,1 1,9 1,1 1,9 


■hhh 


Hinh 11.6. So dd xep xe thu tai phdn dam hop lien tuc 3 x 30 cau Pha Lai 
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Hinh 11.7. So do xep xe thu idi do lun mo A1, do chuyen vi ngang dink mo, tru can Phd Lai 


11.1.3.3. Bo tri xe de thu tai dong 

Theo trinh tu cAn thir tai tinh vdi nhieu xe tai trudc, sau do giai phong cac xe do di chi 
giu lai 2 xe d6 thu tai dong. Neu thAy cAu yeu qua trong iiic thu tai tinh thi khong th£r tai 
dong nua. 

Tren cAu dto, du nhiAu lan xe, dirge phep chi cAn sir dung mot lan xe chinh giua cau 
de thu tai dong. Toe do xe thir dong thudng bat dau tu 5kirt/h va tang dAn timg cap tuy 
theo do an thiet ke quy dinh. Noi chung hA so xung kich se idn nhat ung vdi tdc do xe tu 
25 - 35km/h do do can cho xe thu d toe do do. De thir do xung kich co thd dat 1 tarn van 
day 5cm tren mat cau tai dung mat cAt co dat may do (vi du giua nhip), khi xe otd chay 
nhanh qua se gay ra xung kich ldn. Can thiet cho xe thu chay nhanh va ham phanh dot 
ngot de tao ra chuyen vi doc ldn ciia dinh mo tru goi tren nhip dang xet. 


Thong tin lien lac giua ngudi chi huy do dac va lai xe can thong nhat hieu lenh va nen 
co may dien thoai vo tuyen. Can dac bibt chii y khi thir tai dong, mat cAu phai hoan toan 
trong vAng. 

C) nude ngoai co nhung may chA'n dong dat tren xe chuyen dung de gay ra chan 
ddng luc thir nghibm cong trinh. Tai Vien KHCN GTVT co mot xe nhu vay do nude 
Nga che tao. 
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11.1.4. Thu tai tinh 


Noi dung thu tai tinh da dupe neu trong muc 11.2.1.6 day chi neu them cac chi tiet: 

Thai diem doc so lieu la khi cac kim dong hb cua cac thiet bi do da on dinh va khong 
it hon 5 phut kb tu luc xep tai len c£u xong. C£n co hieu lenh chung khi bat dau doc 
may. Nbu tha'y may do nao true trac thi phai co bien phap xu ly kip thcri. Vfra do vira 
theo doi chung cac hir hong de phat hien kip thbi nhung tien trien ba't loi anh hubng den 
ket qua do va an toan cong trinh. Neu phat hien them cac hir hong mbi sinh ra can doi 
chieu cac ket qua do trubc do de phan tfch va nhan xet. 

11.1.4.1. Do do vong 

May do do vong n£n dat 6 cac mat cat co do vong Ion nhat va cac mat cat dac biet ve 
ca'u tao (vf du moi ndi) hoac hir hong. So luong diem do xet theo doc cau la tuy do dai 
nhjp. De thuan tien bo tri da giao nen dat cac diem do vong gan cac diem do umg sua't. 
Neu cSu co goi cao su hoac du doan mo tru co th6 lun efin dat diem do vong ca b mat cat 
tren goi hoac lan can do. Do vong cua tat ca cac dam chu va dan chu phai dupe do dong 
thbi trong mot mat cat ngang cau. 

Diem co dinh lam goc d6 do do vong thubng la mat dat day song. Vi vay b noi dat 
can co thl dong coc tre, b noi nubc sau co the bubc day tha vat nang xa'p xi 10kg xuong 
day song. Truong hop song lbn, nubc chay manh, co thong thuy^n ma khong thd tha day 
dupe thi do bang may cao dac co do chinh xac cao (vf du Ni-004) hoac may do dung 
6ng chua chat long dac biet. 

Cac sb doc trong mbi lSn xep tai phai bao gom : 

- Sb doc may khi xe chua vao cau. 

- Sb doc may khi xe vao va da dung yen. 

- Sb doc may khi xe ra het khoi c£u. 

De phan tfch bien dang du can so sanh ket qua do cua lan xep tai dau tien va lan xep 
tai cubi cung. Sb lieu do phai dupe ghi theo mlu thong nhat de tien phan tfch. Do xong 
phai ghi chu nhung gi bat thubng. 

11.1.5. Thur tai dong 


Noi dung thu tai dong da dupe noi b muc 11.1.1, each bo trf hoat tai dupe noi b muc 
11.1.4. Vi trf dat may do thu tai dong dupe chon tuy theo muc dfeh. Thong thubng cac 
may ghi bi£u do do vong dat b mat cat giua nhip, tai day cac dan chu hoac dam chu 
ngay ben dubi vet xe thu tai dong chay (thubng la dam giua). Thong tin lien lac luc thu 
tai dong rat quan trong vi may do dong phai cho chay trubc khi xe thu tai chay vao dau 
cau hoac dau nhip dupe do dac. 

Cac may do thong dung b Viet Nam la Taxtograph va Gay-gher (xem chuong 5). 
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Doi vdi cSu nhi6u nhip, khong (he: do het moi nhip do do ndn chon nhip cSu nao do 
co hu hong nang nhat, trong do c6 dac diem cau tao dai dien cho cac nhip ma tien hanh 
do dac. Cac didm do nen dat 6 cac bo phan chiu lire chinh, noi co thd xudt hien cac ung 
sudt ldn nhat (keo hoac nen) va noi co hu hong, khuyet tat. Chu y anh hudng cua ung 
su£t cue bo, xo&n, ufng suat tap trung. C) noi co nghi ngd can tang s 6 lupng diem do. 

De! do urng suat cot thep, nhat thiet phai due bo chut it lop betong bao ho 6i g&n may 
do true tiep ldn cot thep. Khong dupe suy didn tir dng bien cua betong vung keo ra ung 
sudt keo cua cot thep trong no. 

Trong nhung trudng hop dac biet, co the kich dam len dd do phan lire goi do tinh tai 
roi tu do tinh ra noi luc d cac cau kidn hoac mat cat can xet. 

Khi thir tai cau BTCT luon luon phai quan sat vet nut. Phai ve ban ve mo ta cac vet 
nirt va ghi chu su tien tridn cua chung trong luc thu tai. Diem do urng bien bdtdng phai 
dat xa vet nut. 


11.2. PHUONG PHAP DUNG TENXOMET DE DO UNG SUAT 


Co mot so phuong phap de' do ung suat nhu phuong phap quang hoc phan cue v.v... 
tuy nhien pho bien nhat doi vdi hien trudng la phuong phap tenxomet. 

Ngudi ta dung mot thiet bi do chinh xac (ten la tenxorneti dd do bien dang cue bo cua 
mot doan ngdn ket cau, doan ngan do co chieu dai do chinh xac la S (goi la co sd cua 

tenxomet). Tri sd bien dang do dupe la AS, ty sd — = n chinh la do bien dang tuong 

ddi. Dung dinh luat Hook de tinh ra hd sd trung binh: 

a - - 1- x r, 

Nhu v&y cln phai biet trude tri sd modun dan hdi E cua vat lieu, ddi voi vat lieu thep 
than thudng co E = 2100000 kG/cm 2 , nhung ddi vdi vat lidu betong viec xac dinh chinh 
xac modun dan hdi E la rat kho thuc hien. 

Cong thurc tren la trudng hop trang thai ung suat dudng thang, thudng gap khi do ung 
suat cac thanh dan chiu luc doc true keo hay nen. 

Ddi vdi trang thai ung suat ph&ng thi tai mdi didm do can phai do bien dang theo 2 
hoac 3 hudng. Neu da biet trirdc cac hudng cua cac ung suat chinh o, va o 2 thi chi edn 
dat 2 tenxomet vdi cac co sd doc theo hudng cua Oj va a 2 - Sau khi do dupe cac bien 
dang £, va z-, thi tinh cac ung suat chinh theo cong thirc : 


E / x 

a, =-— T (s, + p.e 2 ) 

1 -p~ 


Oi =—-+p.£,) 

1-p- 


(H.l) 


trong do: p - he sd Poatson. 
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Neu chira biet trudc cac dng su&'t chinh thi can phai do diroc tri so bien dang tiieo 3 
hudng. Thudng chon 1 hudng b&t ky con 2 hudng sau diroc bo trf tao thanh cac cap goc 
45° va 90° hoac 60° va 120° so vdi hirdng thu nhat. Cac bidn dang tuong doi dirge ky 
hieu la s 0 , s 45 , £ 90 hoac la e 0 , e 60 , c, :o . 

Sau khi do dirge cac bien dang do, dung cac cong thuc sau de tinh cac irng suat chinh. 
- Doi vbi trudng hgp thur nh£t. 

e l,2 +( e 90- £ 45) 2 (H-2) 


Doi vdi trudng hgp thu hai: 


e l ,2 " -( 8 o + 8 60 + 8 i 2 o)- 


8 0 + 8 60 + 8 120 


3 


+ 


J 


■^■( f 60 ” 8 12 o ) 


(11.3) 


goc nghieng a giua hudng cua ung suat chmh cr, vdi hudng chon tuy y thu nhf't de do 
bien dang dugc tinh theo cong thuc: 

2s 45 - s 0 - e 9 o 


tg 2 a 


tg 2a = 


e 0 £90 

1 


^•( 8 0 8 120 ) 


( 


8 0 8 60 


8 120 ) 


(11-4) 


(115) 


Chi6u duang ciia goc la theo chieu quay kim ddng h6. 



Hinh 11.8. So 1 do boat dong cua tenxcmiet 2 don bay 
1. Killing; 2. Doan noi; 3. Don bay lam nhiem vu kim chi each; 
4 . Don bay co mui ti di dong diMc. 
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Hinh 11.9. 1 enxamet hai don bay 


11.2.1. Cac loai tenxomet co hoc 


11.2.1.1. Tenxomet hai don bay (Tenxomet ddn) 

Day la loai tenxomet thong dung nhat o nude ta hien nay. So do hoat dong dugc ve 
tren hinh 1 1 .X. Khung curng 1 co mui ty nhon co djnh, dau ben trai co vet cat lom hinh 
tarn giac de ty lot mot mui ty hinh thoi co chi6u cao la a. Mui ty do gSn chat vdi don bay 
4. Phan tren cua don bay 4 co chieu dai tay don la a dirge lien ket qua doan noi 2 vdi don 
bay 3. Don bay 3 chinh la kim chi vach chia do quay dirge quanh chot gan vao khung 
cirng 1. Khoang each giua mui ty co dinh va mui ty di dong dugc goi la co so cua 
tenxomet. 


Khi lap dat tenxomet co cac bo phan phu de ga chat sao cho cac mui ty co dinh va 
mui ty di dong dirge ty chat vao be mat cau kien can do irng bien. Khi be mat da bi dan 
ra hay co vao thi mui ty di dong se dich chuyen theo mot doan la AS. Qua cac don bay, 
ket qua se lam cho kim chi vach lech di n vach tren bang chia do theo milimet. Ty so 

= m diroc goi la he so khuech dai cua tenxomet. Tri so m vao khoang 800 -2000 
AS 

tuy loai tenxomet. Thang chia do thirdng co 50 vach chia milimet. Nhir vay tri so cite dai 

cua AS de co th^ doc dirge vao khoang ™ milimet. 

m 


Cac tenxomet dirge che tao s§n urong img voi co so S = 20 100mm. Co the lap cac 

bo phan phu de noi dai co so' den 300mm. 

Do chinh xac ciia phep do bang tenxomet phu thuoc vao muc do chinh xac che tao, 
chi^u dai co so S va viec lap dat chinh xac no len be mat ket cau. Noi chung lire ep ga 
tenxomet vao b6 mat ket cau nen la 2 s- 3kg. Neu ep qua manh se lam hong cac mui ty 
va kim kho quay khien phep do khong chinh xac. 
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Hinh 11.10. Lap Tenxffmet don de do thanh Hinh 11.11. Lap Tenxcfmet don de do thanh 
cheo trong dan can thep ma thuang trong dan cdu thep 


11.2.1.2. Tenxamet dung dong ho chuyen vi 

Loai tenxamet nay hoat dong nhir sau: Khi ca'u kien bien dang thi don bay gan vci 
mui ty bi quay di va lam cho thanh true cua dong ho chuy6n vi dich chuyen, kim dong 
ho quay chi vach do. Do chinh xac cua tenxamet nay phu thuoc vao do chinh xac cua 
dong ho chuyen vi (thuang la 0,01mm) va co the duqc tang len bang each thay doi ty so 
truydn cua don bay. 


O Viet Nam hien co dung loai tenxamet nhu tren do Dure che tao, ghep hai cai doi 
xung nhau d£ dong thai do ring suat ca hai be mat cua cau kien va d£ lap dat. 

Khi do ung sua't trong day cap cau treo ngirai ta dung tenxamet co dong ho chuy6n 
vi. No co hai dai kep chat vao sqi cap. M6t dai gan vdi vo dong ho chuyen vi. Dai con 
lai gan vdi thanh noi dai. Ca sa cua loai tenxamet nay khong nen qua Ion de tranh anh 
huang su xodn day cap lam sai ket qua do. Thuang la'y chi6u dai ca sa la 200mm (Cu ly 
giua cac tarn dai kep). Gia su do chinh xac cua dong ho la 0,01mm thi m6i do chia cua 
dong ho se tuang ung vai ling suat trong day cap cau treo la : 


4 800000 = 90kG/cnr 
2C 

Aci = ^J^.Aa day 

^day 


( 11 . 6 ) 


= 41 2 p (Wj - W?) 

E day 

Tren hinh ve 11.12 la sa do ca'u tao cua loai tenxamet day thong dung, dung de do 
ung sua't trong cau kien bang go. Cac day duqc cang giua cac chan do. Duang kinh day 
0,25-0,30mm, do cang cua day duqc di£u chinh bang vit 4. Tren khung cua tenxamet co 
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lip nam cham dien 2 noi qua cac chiu 1 voi mot day din dien nguon. Tenxomet cln 
phai dupe noi vpi mot dung cu do dac biet, chang han mot dung cu do co day cang 
chuln do. 

Neu trong nam cham dien xuat hidn mot xung dien thi day cang se dao dong. Dao 
dong cua day cang gay ra dong cam ung d cuOn day cua nam cham dien, dong nay qua 
bo khuech dai roi den mot loa tao ra mot am thanh nghe dupe. Khi do dly cang chuln 
do phai durpc didu chinh sao cho ca 2 day cang ddu tao ra am thanh hoa am. Day cang 
chuan do duqc cang bang vi't micromet co gin thang do de doc duroc tan so dao dong cua 
day cang chuan do. 

Noi chung kidu tenxomet nay co clu tao chua hoan hao nen do chmh xac khdng cao. 

De do umg suat trong kim loai phai dimg loai tenxomet phurc tap hem co khung curng 
va mui ti di dong. Nhimg viec lip dat lau hon so voi lip dat cac tenxcfmet co vi vay rat it 
khi cung tenxomet day dd do kd't cau. 

11.2.2. Tenxomet day 

Con goi la tenxomet am thanh, bo phan chinh la mdt day cang nho. Hoat ddng cua 
tenxomet chra tren nguyen tic la tan s 6 dao dong rieng W cua day cang phu thuoc vao 
ung suit trong day a theo cong thurc : 



trong do : 

W - tan so dao dpng ridng cua day cang (Hz) 

/ - chidu dai day cang (mm) 

o - umg suat trong day cang (kG/ mm 2 ) 

p - hlng so, tuy thuOc vat lieu day cang, neu la day thep thi 

p =0,8.1(T 5 kG/mm 3 

Tu cong thurc tren suy ra neu hai dau day cang duroc lien ket chat vao 2 dilm tren cau 
kien thi triroc luc cau kien bien dang, tenxomet co cac dac trimg sau : Chidu dai day /, 
umg suat day a , tan sb dao dong rieng cua day W,. Con sail luc clu kien bidn dang se 
co cic dac trimg tuong ung la A/ + /, o 2 va W 2 . Neu bo qua tri so qua nho cua A/ thi se 
dupe gia so ung suat la : 

Ao= 4/ 2 p (W 2 - W 2 ) (11.8) 

Boi vi bien dang tuong doi cua dhy va cua cau kien la giong nhau khi cau kien chju 
keo aoac chiu nen va chi khac nhau chut it khi cau kien chiu uon nen co the viet : 
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(11-9) 


a day _ ^caukien 

F F 

^day ^caukien 

Suyra: o callkie „ = %^.<J llay (11.10) 

E day 



Hinh 11.12. Sado nguyen tdc hoot dong cua tenxomet day 
l. Day cdng; 2. Nam chum dien 







Hinh 11.13. 

1. Dia gdn a day dug hoc gom 2 doan long nhau; 
2. Ong hoc day i dng; 3. Nam claim dien. 



Hinh 11.14. Sc/ do cdc ho cam hien dien trd 
a) Kiei i co cdc doan cong; h) Kieu khong cd doan cong; 

1. Phan day cd dien trd; 2. Ld mong due hiet lam nen each dien; 

3 Ddu day dan dien; 4. Cdc vdy dong cd dien irdrthdp. 

Do re tien va kha don gian nen tenxomet day ihirdng dung d6 do irng suat trong long 
betong, dac biet la khi can theo doi snot thdi gian dai. Muon vay ngay tu luc dau xay 
dung c&n phai lap dat tenxomet day trong long khoi betong, day cang cua tenxomet 
duoc dat trong ong nhira dac biet khong can trd dao dong cua day va each ly khong tiep 
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xuc vbi betong. Day dAn dien tir nam cham dupe tho ra khoi bb mat khoi bbtbng va dupe 
bao ve de tranh gi. 

11.2.3. Tenxomet dien 

Cac tenxcrmet dien dbu gom co hai phan la bo cam bibn (Dattric) tuc la bb phAn tiep 
nhan bien dang cua cau kien va phan may do cac dai luong dien. 

So do cua Dattric dibn se diroc ve tren hinh 11.14 

Do la mbt dien trb day dac biet diroc dan gitra 2 ldp giay mong. Chibu dai co so cua 
dattric duoc chon tuy theo muc dich va dibu kien do trong khoang tir 3 -f- 150mm, khi do 
tirong irng vdi dien trb tur 30 4- 50Q den 2000.Q . Thubng dung nha't la loai dattric co co 
so dai 5 -4 30mm urng vdi dien trb 50Q 4 400Q. Trong luong cua dattric rat nhe va duoc 
do bang 1/10 gram. Dau cac doan day hinh ziczac cua dattric duoc lam to hon de tranh 
do nhay cam cua dattric doi vbi cac bien dang ngang. 

Tuy theo dac didm cua trang thai irng suat b cau kibn ma b 1 vi tri can phai dan 1 hay 
vai dattric. 0 trang thai ung sua't 1 true chi can dan 1 dattric, b trang thai umg suat hai 
true thi dan nhibu hon. Vibe do su thay doi dien trb cua dattric dupe thuc hibn theo so db cau 
do dong dien 1 chieu hay dong dien xoay chieu. Tren cau kibn dan dattric chu dbng R Ta . 

Tren mot cau kien nho khac co cung loai vat lieu va dupe db cung trong mbt dibu 
kien nhiet do nhung khong co luc tac dung, dupe dan 1 dattric bit R k . Nhibm vu cua no 
la lam can bang do khi co su thay doi nhibt do (hinh 11.15). 

* Dattric dien tret co cue Ku diem san : 

- Kich thubc va trong lupng nho co the dat b vi trf kho leo treo den. 

- Co the do bien dang ma khong co cac sai so quan tinh trong pham vi tan so rong tur 

0 30 Hz. 

- Do chinh xac cao, co the do nhanh va tap {rung so lieu do tir nhibu dattric dupe noi 
lAn luot nho hop dau noi va bo chuyen mach vb mot cAn do. 

* K/rnyet diem cua no Id : 

- 'Hurong chi dung dupe 1 ifin. 

- Day dien trb va keo dan co the bi 6 trang thai irng suat chay, luc do phep do co sai 
so I bn. 

Vi the cac dattric nay chi de dung do trong khoang thbi gian ngAn 1 vai ngay. 

Cac vat lieu ban dAn cung da dupe diing db lam dattric dien trb. Vi du: so d6 hinh 
11.16. Db la mot khoi vat lieu deo tren co so graphic, gocmani, silic. Cac mSu vat libu 
co hinh dang khac nhau (ban day. mang...) co tinh chat la thay doi nhieu vb dien trb khi 
bien dang. Dp nhay cam cua cluing cao hon 10 I an so vbi dattric dien trb day. 
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Nguori ta cung che tao ra cac bo cam bien dien cam hoac bo cam bien dien dung 
Tr£n hinh 11.17 n£u nguyen ly c^u tao bo cam bien dien cam. Khi b& mat ket c&'u c< 
gian, tri so 8 thay doi loi tir di dong trong long cuon cam gay ra dong dien nho. Donj 
nay duoc dSn vao c*iu do nhu hinh 11.6 va duoc khuech dai len roi hien ra vach chi thi ( 
bo di6u chinh can bang tren may. Theo so vach chia bien doi co the suy ra bien danj 
tuomg doi AS/S cua be mat ket c£u. 



Hinh 11.15. So do nguyen tdc cua ho can tervccrmet dien 
R Ta - Tenxomet do chinh; R rk - Tenxomet do hu; R ] ,R 2 - Cdc dien trd; 

Y- Bo khuech dai dien trd; P- Bo phqn dieu chinh can hang cho can do vd doc so vach 



Hinh 11.16. So do nguyen tdc cua ho cam hien dien cam. 

1. Vit dieu chinh; 2. Cot; 3. Vo khung; 4. Cuon day cam ifng; 5. Loi id; 6. Mui ti t o dinh. 
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11.2.4. Cac phiroug phap do irng suat trong cac bo phan ket cau cau 


Tren ket cdu nhip ngudi ta thudng chon cac kPt cdu va mat cdt nao chiu tai nang nhdt 
dd do, cung xet ca nhung noi co khuyet tat. 

Mot van dd quan trong la co so cua may do. Co so cua cac tenxomet kidu co dat or 
ngoai vung ung suat tap trung dupe ldy phu hop vdi dp chmh xac cdn thiet va tri so do 
Ion nhdt dir kien co the xay ra. Nen chon sao cho vdi ung sudt Ion nhdt thi kim quay gdn 

het thang do. Chang han nPu ung sudt cdu kien thep thap hon 800kG/cm 2 thi thuftng ldy 
co so bdng hay ldn hon 100mm. Cac tenxomet dien co do nhay Ion hon, dl do ung sudt 
ngoai vung tap trung irng sud't co the dung co so 10mm-30mm. Trong vung tap trung 
ung sudt edn phai do vdi co so nho (vi du bang lomm dpi vdi cdu kien bang thep). Muc 
do phdn bp ung suat cang khong dPu thi co so cua tenxomet cang edn phai nho. 


Cdn phai chu y dPn viec lap dat tenxomet. Chang han, khi do dug sudt thd nen dat 
tenxomet o ngoai vung co the co su tap trung dug suat. Do la nhung vung gdn cac 16 
dinh, 16 khoet, gdn noi co su thay dpi dpt ngot cua mat cdt, vung ddu mPi han, nhung 
ch6 cong venh cue bp va trong cdu thep. DPi voi cdu BTCT thuoug co su tap trung dug 
suat o chP thay doi mat cat, chP tiep xuc vPi suou cung, chP dat mdu neo v.v... 


Mat cat dupe chon de dat tenxomet nen la mat cat phu hop nha't vPi so do tmh toan 
nghia la khong co nhung phdn ma kho xac dinh mure dp tham gia cua chung vdi sir chiu 
luc nhuban giang, ban dem v.v... 


Cach dat may do tren mat cdt dupe chon tuy theo dac diPm trang thai irng sudt va 
hinh dang mat cdt. So lupng toi thidu cdn thiet cac tenxomet cdn dat tren mat cdt la tuy 
theo dac diem lam viec cua mat cdt (so tenxomet phai bang sP cac yeu tP luc). Chang 
han khi xac dinh luc doc N, cac momen uon M x va M y , momen xodn M z thi sP lupng 


toi thieu cac didm do trong mat cdt lidn khoi phai bang 4. DPi vdi cac mat cdt to hop, noi 
ma cac bp phan rieng le co the bi dich trupt tirong h6 so vdi nhau thi so lupng diem do 
phai tang len. 


L 


1 2 3 


I_ua g _j_j_L 


S’ 






%■ 


Hinh 11.17. Set do dot su h((Jng toi thieu cac tenxomet trot % mat cat ngang can kien thep 
1 , 2 . Khi co tdc dong life doc true n; 3, 4. Khi co life N, M x , M v ; 

5, 6 , 7 . Khi co life N, M x ., M y , M xoan . 
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Tren hinh 11.17 la so d6 bd' trf sd' lupng toi thidu cac tenxamet trong cac dang mat 
cat khac nhau cua cAu kien thep. Ddi vdi mat cat BTCT vi tinh hinh umg suat phuc tap 
hem nen cung phai dat nhieu tenxamet horn so vdi cAu thep. 

Doi vdi nhung chd co sir tap trung ung suat, ngoai vide do de biet trj sd ung suAt 1dm 
nhat a max trong do, con cAn phai xac djnh mire do phan bo' khong ddu cua umg sua't 
thong qua hd sd tap trung umg suat: 


a 


a 


a. 


a 


tc 


( 11 . 11 ) 


trong do : o tc - umg suat danh dinh, da dupe xac dinh theo dien tfch mat cat thu hep. 


Nhu vAy, dd’ danh gia su tap trung umg sua't thi phai dat tenxomiet vdi co sd nho tai 
vung tap trung cue dai umg suat (mep khoet 16, chd cat lorn v.v...) vdi hudng cua co sd 
trung vdi hudng cua dong luc trong vung do cua mat cat. De biet a IC thudng do ung suA't 
theo dien tfch thu hep tai vung tuong umg vdi vung tac dong cua a max nhung d each mot 
khoang du xa 6i het tinh trang tap trung umg suat. 


Doi vdi kd't cAu BTCT cAn phai do ung suat trong betong va ca trong cot thep. Do 
ung suat betong thudng kho khan vi that kho xac dinh dung modun dan hoi thuc te' cua 
belong d do. Tri so modun nay phu thude vao nhidu yeu to va thay doi trong pham vi 
kha rong. Ngoai ra, vi betong la loai vat lieu dong nha't, thudng co chd surt vd, vd't nut 
nen cac bid'n dang do luc cua betdng thudng phAn bo' khong ddu. Nhu vay, co sai so' 
khi xac dinh umg sua't betdng dua tren tri so' bien dang thuc do dupe. Muon giam anh 
hudng cua cac yeu to' noi tren cAn phai do ung suat betdng vdi tenxomiet co ca sd ldn 
(> 10cm). 


Ung suAt (bien dang) trong betdng thudng dupe do bang tenxamet kidu ca, dattric 
dien trd dAy, ddng hd chuyen vi v.v. . thude cac kieu khac nhau. Con khi thu dong dd'i 
vdi cAu thi thudng dung dattric dien trd day. 

Cac tenxamet don dupe lAp them bd phan phu de tang them chidu dai ca sd. Muon 
tranh cho mui ti cua no bi ngap sau vao bd mat betong loi lorn thudng dan ldn do cac 
ban thep mong cd 5 x 5mm. 


Cac tAm dattric dien trd dupe dan true tiep len mat betong tai chd khong nut vd rd va 
bd mat bang phAng. 


Ling suAt cd't thep co the do dupe bang cac dung cu nhu dd do cAu thep. Do umg suAt 
trong cot thep thudng (khong co du ung luc) cung gid'ng nhu do d cAu kien thep. Nhung 
do du umg suAt trong cot thep du ung luc thi phai dung cac phuong phap phuc tap horn. 
Chang han, co the dan dattric dien trd ldn bo spi cot thep va doc so do. Sau do lam cho 
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chimg hd't cot thep, lai doc so do. Theo hieu cua cac so doc ma tinh ra tri so irng sua't. 
Cach do nay khong co ling dung thuc te vdi cac ket c&'u ma chi dung khi lam thi nghidm. 


Mot phuong phap khac la phai lien tuc kiem tra sir cang cot thep tir luc chd' tao cau 
kien qua cac giai doan thi cong. Tam dattric dien trd dan tren cot thep se cho phep theo 
doi sir thay dor ung sua't theo thdi gian. Cach lam nay gap phai sai so cua chinh cac may 
do dien vi chung kho co the lam viec <5n dinh lien tuc suot thcri gian dai. 


Co mot so dung cu dung de xac dinh du ling sua't cot thep nhd vide do do vong cua 
no : Vi du dung cu DIS - 1 cua Nga (hinh 11.18) veri co so dai 300 mm dung dd kidm tra 
cac sqi le dudng kinh den 6 mm. Co dung cu khac co co so dai 160 mm dung de’ do cac 
bo soi xoan duemg kinh 9-15 mm va sqi le diromg kinh den 8 mm. Hoat tai cua dung cu 
nay dira tren viec xac dinh umg sua't luc edn thiet de uon cong duqc cot thep. Dung cu 
g6m hai ban thep mong (mot ban chinh chiu luc va m6t ban phu gdn voi d6ng h6 do 
chuyen vi), mui kep co dinh cot ty va mui kep di dong lam cho sqi cot thep bi uon cong 
cho den khi kim quay cua dong ho khong quay nua. Doc s6' do tren dong ho chuyen vi 
va dua vao do thi chuan da lap ra tir trude doi vdi dung cu nay ma suy ra ung luc trong 
sqi cot thep. Dd tang hoa dung cu nay voi cac cap tai trong khac nhau. Tir do ve ra dung 
cu chuan cua do thi nay. 



Hinh 11.18. Dong ho do life can .q DIS-J. 

I. Bo kep di dong; 2. Thanh can hang (hep; 3. Dong ho; 4. Cot ty; 5. Thanh noi dai; 
6. Cot co so; 7. Bo kep co dinh; 8. Soi thep d if Ung life. 


11.3. CAC MAY DO D0 VONG VA DO CHUYEN VI THANG 

Do vong co the do bang may cao dac, ong cao su dung chat long, cac loai d6ng ho 
do chuydn vi co day noi voi mat dat hoac co ddu ti tiep xuc true tie'p vao ket cau. 

Muc do chinh xac cua cac may cao dac ky thuat thuerng khong qua 1mm, vi vay chi 
khi do cac tri so do vong ldn mdi co the dimg loai may nay vi luc do sai so 1mm la 
khong dang ke. Muon do cac tri so do vong mot each chinh xac hon co thd dung loai 
may cao dac chinh xac. Noi chung may cao dac la hop ly trong tinh huong nude sau, 
song rong, nirdc chay xiet khi ma viec tha cac d^y noi tir day dam cau xuong mat d&'t 
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day song la kho khan va day bi rung manh khien cho kim dong ho chuyen vi dao d6ng 
manh khong the cho ket qua do chfnh xac. 


May cao dac duqc dat tr€n diu ciu hay tr£n bo song, tren dinh cac mo tru nang, a 
day k£t cau nhip (dam chu, dan chu v.v...) gin cac moc do. Neu khoang each tir may cao 
dac den cac moc do khong qua 50m thi co th6 dung may cao dac ky thufit thdng thudng, 
neu khoang each xa horn thi phai dung may cao dac chfnh xac. 

Viec dung ong cao su dung chat long' de’ do do vong co the duqrc nhung phai la loai 
thiet bi chuyen dung vdi chat long dac bi6t. Khdng dung ong cao su thubrng dung nude 
de do do vong cau vi rat kern chfnh xac. 


Thong thudng nhat va du chfnh xac la dung cac d6ng h6 chuyen vi do do vong ket 
cau nhip c£u. Co rat nhi6u kieu d6ng h6 khac nhau vdi cac khoang each do khac nhau va 
do chfnh xac khac nhau. Vf du neu chfnh xac 0,1 4- 1,0mm. Neu do vdng nho thi can 
dong h6 co do chfnh xac dd'n 0,01mm hoac doi khi den 0,001mm. 


11.3.1. May do do vong macximop 


Day la loai may do kha thdng dung a Viet Nam, co so d6 cau tao nhu hinh 11.19. 
Day 1 co m6t dSu bude vao qua nang chung 20kg tha xuong day s6ng hoac buoc chat 
vao coc co dinh o g^n cau, day vong qua banh xe 2 cua may do, dau day con lai duqc 
treo 1 vat nang chimg 1,5 -f 2kg de’ giu cho day thing. Day la loai day thep dudng kfnh 


0,3 -r 0,5mm. Khi ket cau nhip vong 
xuong hoac vong len, banh xe 2 se bi 
quay va lam quay theo dia 3 va kim 
dong ho 4 se chi tr£n vach chia do tri 
so do vong hoac do vong do. Thang 
chia do tren dia thu nha't co 100 vach, 
moi vach ung vai chuyen vi 0,1mm 
duqc lq ra a mot 6 cua s 6 nho tren 
dia chia do thu nhat. 

Nhu vay bang mit thuemg va ucr<. 
luqng co the doc do chfnh xac den 
mdc 0,05mm khoang do la kha Ion, 
du thoa man viec do do vong cua 
nhung nhip may do vao ket ca'u nhip 
can phai co bo phan ga ki6u vft kep. 

Day do cin phai bo trf thing dung. 
Doi vdi noi nude sau, cau cao, nude 
chay manh, co thong thuyen, viec 
phai tha day do la nhuqc diem ro ret 
lam phep do kern chfnh xac hoac 
tham chf khong tirav hien duqc. 



Hinh 11.19. May do vong kieu Macximop. 

1. True quay; 2. Banh xe co rdnh dan huang day; 
3. Thang chia vach; 4. Kim chi vach; 

5. True quay kim; 6. Banh xe chinh. 
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Cung dua tren nguyen tac hoat dong nhir tren ngudi ta da lam cac may do co den 3 
cap thang chia do. Thang thu nhat doc duoc do chinlt xac den 1cm, thang thu hai den 
1 mm va thang thu ba den 0,01 mm. 

11.3.2. Dong ho do chuyen vi 

Con co ten goi la bach phan ke hay thien phan ke tuy theo do chfnh xac (den 
0,01mm hoac 0,001mm) chung thuong dung de do chuyen vi nho (khoang 5 4- 10mm). 
So d6 cau tao nhu hinh 1 1.20. 

Thanh 1 co ddu nhon ty vao day ket cau nhip. Vo dong h6 dupe lien ket co dinh vao 
mot gia do nao do co dinh so voi mat dat. khi ket cau nhip vong xudng hoac vong len, 
thanh 1 se chuyen dong tuong do'i so voi vo d6ng h6 va lam quay cac banh xe rang cua 2 
va cac kim chi do 3. Mot kim ngdn chi quay tren dTa chia do 1mm, con mot kim dai 
quay tren dTa chia dp 0,01mm hoac 0,001 mm tuy tung loai dong ho. 

Kieu dong h6 chuyen vi nay co nhuoc dieint la khoang thang do nho, chi vai mm, doi 
vdi cac nhip cdu Ion hon 10m da co the khong dung no dupe. Tuy nhien co the ga them 
cac bo ga kieu don bay dS thang do len gap 5 lan hay gap 10 lan, tuc la den 50 4 100mm 
ma khong giam do chinh xac. Cung co the lain bp ga lap d6ng ho chuyen vi cho no hoat 
dong giong nhu mot may do vong Macximop. 

Khac voi may do vong Macximop, cac dong h6 chuyPn vi con dung dP do cac 
chuyen vi ndm ngang hoac chuyen vi theo phuong bat ky cung nhu do chuyen vi goc, do 
triroi v.v... chans han nhu khi nen co( tilth. 



Hinh 11.20. Doiii> ho do chuyen vi 


11.3.3. Dong ho do bien dang 

Voi cau tao gdn giong nhu dong ho do chuyen vi nhirng co gdn them hai ddu nhon dP 
ty len be mat ket cau, loai dong ho do bien dang nhu tren hinh 11.21, co rat nhiPu cong 
dung, co thP do chuyen vi, dp mo rong vet nut, bien dang (umg suat) v.v... Chan nhon 3 
cua dong ho ty vao mot lo nho 1mm khoan nong tren be mat thep, con neu do tren bp 
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mat betong hay da xay thi phai dat mpt thanh thep dem duong kinh 3-5mm, dai 10- 
20mm va cung khoan 16. Co so do cua dPng h6 la 50 4- 250mm. 



Hinh 11.21 . Dong ho do hien dang 

1. Thanh trUot; 2. Mui ty di dong duoc; 3. Mui ty co dinh; 4. Ban ke; 5. Mat dong ho. 


11.3.4. Dung cu do goc xoay 


Tren hinh 11.22 la so d6 mot dung cu do goc xoay co bot nu6c 6ng thuy. Ph£n d6' 
cua dung cu dupe li6n k6't v6i k6't c&'u. Khi xay ra chuy^n vj goc xoay thi bot nu6c cua 
ong thuy 2 bi lech di. Dung vft xoay 4 co gdn dia chia do d6 chinh cho o'ng thuy v6 vi tri 
c6n bang. Tri so chuyen vi goc xoay dupe doc tren dia chia do. Dung cu goc xoay nay 
nho gon, don gian va du dp chinh xac. Dp chinh xac thong thucmg la 0” -r 5”. Nhung 


khi tang chi6u dai co so va giam bude cua vit thi co th^ tang dp chinh xac hon niia. 



Hinh 11.22. Dung cu do goc xoay co ong thuy 
1. De; 2. Ong thuy co hot nude; 3. Dip Id xo; 4. Vit vi chinh; 5. DTa co vach chia do; 
6. Dong ho dem so vong quay cua dia; 7 . Ket can thep; 8. Bo gid. 
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11.4. NHAN XET CAC KET QUA THl/TINH DOI VClI CAU 

11.4.1. Xet do vong 


Cac kfift qua do dac dupe khi thd tinh doi vdi c3u cSn dupe xir ly, ph&n tich va so sanh 
vdi tmh toan ly thuyet. GSn luu y la cac tri so do bien dang co the la bi6n dang toan 
phein, big'n dang dan hoi va bien dang du. Bien dang toan ph£n bang tong cua bi£n dang 
dan hoi va bien dang du, bang hieu so cua so doc tren may do bien dang a then di&n dat 
tai va trude luc dat tai len c&u. Bien dang dan h6i la phetn bien dang bj triet tidu di sau 
khi do tai va tuong ung vdi hieu so cua cac trj so doc tren may do bidn dang of then diem 
dat tai va sau khi do tai. 


Cac tmh toan ly thuyet dupe tinh vdi tai trong thu dSu ma khong xet he s6 xung kich. 


Trong nhung kd't c£u nhip cau dang khai thac vdi mdc tai trong xap xi tai trong tinh 
toan thi tri so cua do vong du thudng khdng Idn hem 20% d cSu thep, 15 % d c£u 6 t6 so 
vdi tri so do vong dan hoi do dupe. Nhirng tri so ldn cua do vong du la chirng to co cac 
khuyg't tat dang ke trong kPt ca'u nhjp. 

Dp vong ly thuyet dudi tai trong thu dupe xac dinh bang cac phuemg phap khac nhau 
cua mdn hoc Co hoc ket cdu. 


Doi vdi cac dan bi£n song song va c6ng c<iu thang dung thi dp vong co th£ tinh dupe 
theo cac edng thtic gdn dung vdi sai so khoang 4% nhir sau : 

- Do vong giCra nhip dan tain giac : 


5kl 4 

384B 


1 + (tga + c.tga) 


H 

1 


.1,275 


( 11 - 12 ) 


- Do vong giua nhip dan tarn giac co thanh dung : 


5kl 4 

384EI 


l + (tga + c.tga)l,38 


H 

1 


.1,275 


(11.13) 


trong do : 

a - goc nghieng cua thanh dung so vdi phuemg dung. 

k - cudng dp rai dPu tuong duong cua tai trong thu (T/m) dupe xac dinh theo 
cong thurc : 



Vdi M - mdmen do tai trong thu d giua nhip. 
E - mddun dan hoi vat lieu dan. 
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1 - “ ( w trtn + “dudi) 

H - chieu cao ly thuyet cua dan. 

I - momen quan tmh cua cac thanh bidn dan d giua nhip. 

a) - la cac dien tfch mat cat thu hep cua thanh bi£n tren va thanh bien dubi dan 
gitra nhip. 

Doi vdi nhung thanh bien song song va cdng cau dat nghieng thi cac cong thuc 
co dang : 

+ Neu la dan tarn giac : 


5k/ 4 

384EI 


l + tga + c.tga) 


_H_ 

/(m-2) 


.1,275 


+ Neu la dan tarn giac co thanh dung : 


1 = 


5k/ 


384E1 


I + tga + c.tgrx)l,38 


H 


/(m-2) 


.1,275 


(11.14) 


(11.15) 


vdi m : so lupng khoang dan. 


Cac dd vong dan h6i duqc so sanh vdi do vong ly thuyet. Trong cac cau thep con t<5t 
thi do vong dan hoi bang 0,8-0,9 do vong ly thuyet. Do la do anh hudng chua tfnh ly 
thuyet duqc cua he lien ket va phSn xe chay. Con trong cac c&u bet6ng ty so do vao 
khoang 0,5 - 0,6 do ! a do cac nguyen nhan sau day : 

- Khi tmh momen quan tmh de’ tfnh do vong ly thuyet thi chi xet mat c5t betong ma 
khong xet anh huong cua cot thep. 


- Tuoi cua betong luc thu tai thuong !dn hon tu6i 28 ngay \ a do vay cuong do thuc te 
betong Ion hon tri so ly thuyet. 


- Khi tfnh toan chua xet anh hudng cua cac yeu to nhir lan can, phan xe chay, lop phu 
mat cdu v.v... 


Viec do thu tTnh ket cau nhip cau thubng thuc hien trong pham vi cac bien dang dan 
hoi cho n£n so doc luc dau lien va so doc cuoi cung cua cac tenxomet phai gan nhu bang 
nhau. Neu khong thi co the nghi ngd tenxomet bi truqt mui ty. 


11.4.2. Xet urng suat 

Cac tri so do ung suat tai cac didm khac nhau cua cau kien thudng khac nhau, ngay 
ca khi cau kien chi chiu luc doc true ve mat li thuyet (cac thanh dan chang han). Do la 
do cac mo men uon trong mat phang dung hoac mat phang nam ngang do do cung niit 
dan hoac do anh hudng cua cac lien ket ngang. 
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Thong thudng chi dat tenxomet a cac diem thudc the bien cua mat c&t c&'u kien nen 
ca n can cu vao cac tri so do do de ve ngoai suy bieu do irng sudit doc c&u kien tai mat cSt 
durpc do. 

11.5. CAC PHUONG PHAP VA THIET BI DO THLTDONG DOI W6l CAU 


11.5.1. Nhumg van de chung 


Trong chuong 5 da trinh bay cac nguyen tSc do va thiet bi do thir tai dong noi chung. 
6 day chi noi them nhCrng dac diem doi voi cau. 

lliong thurong nhat la sir dung cac xe 6 to thir hoac doan tau thir de thir dong d6'i vdri 
cau. Cong tac nay cho phep xac dinh tan so va bien do dao dPng cirong bu:c cua k6t cS'u 
nhip va he so xung kich Ion nhat, phat hien ra cac vi tri yeu cua ket ca'u va dilu kien 
thong xe an toan nhat hoac bat Ipi nhat cua c^u. 

Cac tac dong cua boat tai phu thuoc vao dac tnmg dong hoc cua chrnh hoat tai do va 
mire do giong nhau cua tan so dao dong do hoat tai nay gay ra voi tdn so rieng cua ket 
cau nhip. 

Cac thirc nghiem cho thay hau nhir chu ky dao dong cirong buc ciia ket c&u nhip 
trung voi chu ki dao dong rieng ciia tai trong. Dao dong cua oto co th6 coi nhir dao dong 
cua mot vat nang tren id xo. Qua thi nghidm nhidu loai oto ngifcri ta thAy chu ki dao 
dong ciia khung xe, thudng trong khoang 0,26 - 0,43, giay dao dong phan dudi 16 xo la 
0,08 -0,13 gi^y. Dao dong rieng ciia oto g^y ra fan lirpt chu ki cac Dn virpt tai va giam 
tai cho ket cau cau, do ehfnh la nguyen nhan gay ra dao dong cirong buc. Doi voi cau nhip 
ngan thi dao dong do lai xuat hien chu ycu do dao ddng ciia phfin ben dudi 16 xo xe. 


Tac dung dong hoc khi xe xich qua c^u dupe gay ra bdi cac va dap nhip nhang cua 
cac dot banh xich tren mat cau, va dap cua cac chot banh xich va ciia phan khoi lupng 
ben tren 16 xo. Tan so dao dong cua cac dot banh xich phu thuoc vao toe do xe xich. 


Cac thuc nghiem cho thay mot xe oto hoac mdt xe xich qua cdu thi gay tac dung 
dong hoc Ion hon khi ca doan xe oto do qua cau. Vi vay ngudi ta 1% tai trong de thu 
dong cdu chi la mot xe oto nang hoac mot xe oto chay qua cau vdi lan lupt cac toe do 
khac nhau. 


Tren cac ciiu co do cimg n&m ngang nho trong hudng doc cau, vi du cau khung co 
tru manh nen thir mot xe chay roi ham dot ngot tren cau. Tren cac cau co do cung nam 
ngang nho (c6u hep, cSu khung cao, cau treo) cung nen thir tai dong bang cac tai trong 
ngang nam ngang dupe tao ra bang each quay xe xich tren mat cau. 

Cac dac trung dong hoc ciia m6i lan thir dong dupe ghi lai nhd cac may do dong 
dupe dat 6 nhCrng vi tri co do vong Ion nhat. Cac may ghi dao dong len bang gia'y hoac 
len phim, len bang tir. 
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Cac may do nhtfrig chuycin vi thang theo thdi gian goi la cac vibromet, con may do 
chuydn vi goc theo thoi gian goi la torsiomet. 

Cac may do quan he giCra bien do va tan so dao dong vdi toe do xe chay goi la cac 
may do bien do hoac may do tan so. 

Co hai nguyen tac dd do dao dong la nguyen tac dong hoc va nguyen tac dong luc 
hoc. Theo nguyen tac thu nhat thi may do diroc lien ket cirng vdi mot he co dinh doc lap 
ben ngoai va tri so chuyeii vi cua ket cau dang dao dong dupe do true tiep. Theo nguyen 
tac thu hai thi khi khong the tao ra dupe mot he co dinh thuc ngirdi ta do chuyen vi so 
vdi mot he co dinh quy ude, do la mot khoi nang g£m tren 16 xo. 

Cac may do dong co the dupe phan thanh ba nhom la: kidu co, kidu dien, kieu 
quang. Trong cac may do kieu co thi vide ghi lai sir thay doi bien nang dupe thuc hien 
nhd cac bo phan cam bien (dattric) va ghi hay nhin len man hien song cua may hien 
song (oxylograph). 

11.5.2. May do Gaygher 

Khi may do nay hoat dong theo nguyen tic dong hoc thi can den mot lien ket 
cirng hoac lien ket day giCra mot diem co dinh mat dat va mot dieim co dinh dao 
dong. Tuy nhien khi may hoat dong theo nguyen tac dong luc hoc thi khong can den 
lien ket noi tien. 

Doi vdi trudng hop thu nhat thi may se ghi dao dong len bang giay, theo dirdng cong 
ve tren giay do co the xac dinh bien dang bien do va tan so dao dong. 

Doi vdi trudng hop thu hai thi trong may co kip them mot he co dinh quy ude nhd 
dang con lac 16 xo. Theo cac dirdng ghi tren bang giay co the xac dinh gan dung bien do 
va xac dinh chinh xac hon doi vdi tan so' dao dong. 

So do nguyen tac cua may ghi dao dong theo nguyen tac dong luc hoc nhu hinli 
ve 1 1.23. Su bic'n doi do vong dan dupe truyen qua day treo 1 (16 so 7 de cang day 1) 
qua don bay hinh | 2 roi qua kim truydn 3, qua ngoi blit ghi 6 va dupe ghi tren bang 

giay 4. Dong tlidi tren bang co ghi vach thdi gian tung giay. 

Bo phan ghi ciia may co mot co cau kieu ddng hd lam quay bang giay rong 50mm. 
Toe do di chuycin bang co the dieu chinh dupe trong pham vi tir 0,2 den 10 met/phut. Co 
the khuech dai dao dong dupe ghi len 3, 6 hoac 12 kin so vdi tri so thuc te. Ngoai ra con 
co the tang hay giant ti le xich ghi bang each thay doi ciinh tay don bay hinh | . Ti le 

xtch thong thirdng ciia may la tir 0,5 : 1 deii 72 : 1. Co the! dimg may ghi de ghi cac bien 
dang vdi tan so dao dong den 2011/.. 
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May do co the diroc dat tren gia c6 dinh voi mat dat hoac dat ngang tren ket can nhip 
(hinh I 1.24). Day treo co the tha xuong day song nho mot qua nang ft nhat 10kg. Noi 
cluing nen iru tien dat may do tren gia co dinh mm da' 1 hi chmh xac hem. 

So do may do theo nguyen tac dong lire hoc nh : hinh ve 11.26. May diroc lap them 
mot con lac 5 co 16 xo. Khi may dao dong cung vot ket can nhip thi do trong lirong nang 
cua con lac co the coi con lac la mot he co dinh quy iroc. Chuyen vi cua vo may so voi 
con lac do diroc truydi dc ghi qua don bfty 3 va 4 va kim truyen 2 den ngoi blit ghi 1. 
May do nay co the ghi diroc cac dao dong voi tan so tir 5 den 330Hz. 



Hinh II .23. So'do dal iiHiv (loo <1<}n\> co day noi \’6'i diem co dinh tren nidi dot 
I Day noi; 2 ■ Don hay hinh. 3 ( an day kim g hi; 4- Bony, yidy yhi dao dony • 
3- Vach deni thdi yian; 6- Kim ylii; 7- Ld xo. 



k 


2 



Hinh 11.24. So do dal nniy yhi dao ddny o tren ket can nhip co day tha vat ndny xnony sdny 

/- V (it ndny; 2- Day; 3- May (Jdyyher; 4- Ld xo. 
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Hinh 11.25. May do van ndng kieu Gdygher 
a- Dang chung; b- Nhin phia eqnh. 

I - Demay; 2- Ddn hay len day cot ca cdu keo hang ghi; 3- Kim ghi; 

4- Bo tu trudng de ddnh dan thcri gian; 5- Ban ghi; 6- True uo'n giua hang; 

7- True thu hang; 8- True nhd hang; 9- Thanh truyen; 10- Ddn hay dieu chinh 
toe do nhd hang; 11- Ddn hay khdi dong ect cdu keo hang. 





Hinh 11.26. May ghi dao dong kieu Gdygher 
a- Dang chung; h- Ceredu ghi. 

1 - Kim ghi dao dong; 2- Thanh truyen; 3, 4- Cde ddn hay; 5- Con lac; 6- Lo xo 










11.5.3. Cac may do dao dong kieu dung dien 


Thufc chat, do la to hop cua bo cam bien (dattric) voi cac thid't bi do dien. Cac bo cam 
bidn co kha nang big'n doi cac chuygn vi tuong doi giua cac bo phan k6't ca'u hoac cac sir 
thay d6i theo thcri gian cua irng sua't, cua toe do gia toe chuyen vi tai cac diem ri£ng le 
cua kd't ca'u thanh cac dai lupng dien va truydn v6 may do dien. 

Tr6n hinh 11.28 a, b la so d6 do dao ddng thang dung cua kd't ca'u nhip nhdr diing bo 
cam bien kieu mot dam cong x6n ngan co dan cac dattric di£n tro. 

Tr£n hinh 11.28 c, d la so d6 do dung bo cam big'n kigu vong thep. 

Nhung bien doi cua dong dign luc do dac trong phan dudng cheo cua c£u do dien tro 
dupe ghi lai bang may oxyclograph lgn phim anh. 


Khi sur dung cac day cang nhu hinh ve can phai xet anh huong cua big'n dang do 
nhigt do, con trong trtrcmg hop do cac chuyen vi ldn thi phai xet ca den cac big'n dang co 
lien quan den su thay d6i do cang day trong qua trinh do vi dam dao dong lgn xud'ng. 

Ngubi ta cung co the dung cac bo cam kieu dign cam de do dao dong 



Hinh 11.28. Cac so do dao dong t o dung cac ho cam bien dien trd 
a. h- Khi dung dam edng xdn ngan co dan Id dien trd; 
c, d- Khi dung vdng thep t o gdn la dien trd 

1- Day noi xuong dot; 2- Dam cong xdn ngan; 3- Ld xo; 4- Coe neo; 5- Coe giu’a dam edng xdn; 
T1 ,T2,T3 . T4- Cat tenxomet kieu Id dien trd. 17- Bo ghi dao ddng (oxyclograph). 

11.6. XAC DfNH CAC DAC TRUNG CO LY VA TINH CHAT CUA VAT LIEU 

Khi tinh toan danh gia kha nang chiu tai va trang thai kl thuSt cua ciu cd'ng cu rat 
can co cac tri s6 dac trung co If cua vat ligu trong ket ca'u thuc. Vigc xac dinh cac tri s6' 
nay noi chung la kho dat do chinh xac cao. Th6ng thuomg trude tign cin tham khao ho 
so thiet kg' hay h6 so hoan edng cu dl biet cac dac trung ban dau cua vat lieu. Tuy nhien 
c Viet Nam cac ho so nay thuomg khdng du hoac khdng co. 


327 



Cac thf nghiem vat lieu phai dupe ket hap thuc hien a ca trong phong thf nghiem va 
ca a tren ket c£u thuc. Cac thf nghiem trong phong cho ket qua chfnh xac cao hofn nhung 
lai phu thupc viec lay mtu thu tCr ket cau co lam dupe hay khong. So mau la'y ra cung bi 
han che. Cac thf nghiem ngay tren ket cau thuc se lam cho cac thf nghiem trong phong 
co the’ thuc hipn nhanh chong hem, nhieu so lieu thu dupe hem nhung co the la kern chfnh 
xac horn. 

Da so cac thf nghiem trong phong thupc loai thf nghiem co pha huy mSu thu, da so 
cac thf nghiem tren ket cau thuc thuoc loai thf nghiem khong pha huy miu va dung cac 
each do gian tiep. 

11.6.1. Kim loai 

TruPc khi thf nghiem can xac dinh ro loai vat lieu bang kim loai, vf du do la gang, 
sk m6m (doi vPi cac cau thep cu do Phap de lai), thep thuPng, thep hpp kim thSip v.v... 
Cac thf nghiem kim tuong se tra lai chfnh xac v£n de phan loai vat lieu kim loai. 

Khi la'y mSu kim loai tu ket ca'u cau cu phai co bien phap hpp If sao cho khong l im 
suy yeu qua nhieu den sue chiu luc cua ket cau. Tai ch6 da cat khoet lay mau ra phai dfit 
cac ban thep bu va lien ke't bang han hoac lien ket bulong cuang do cao ngay. Mie'ng 
mSu kim loai da lay ra phai dupe gia cong sao cho mau thf nghiem co cac duPng bien lui 
vao ft nhat 10mm so vpi mep vet cat bang nira luc lay mSu. 

MSu thu kim loai phai dupe gia cong theo dung cac “Tieu chuan thf nghiem vat lieu” 
do B6 Giao thong van tai va Bo Xay dung ban hanh. Noi chung mSu de thf nghiem ve 
giPi han ben (cuPng do pha huy tuc thPi), giPi han chay, do dan dai tuang dP'i hay dp co 
ngan tuomg doi cua kim loai thep co dang nhu hinh 11.29a, mSu de xac dinh do dai 
va dap dupe cat lorn nhu hinh 11.29b. 



Hinh 11.29 Vi du loai mau tint de xac dinh cac ddc trung ca hoc cua thep 
a) Mau thuC/ng; h) Man thu do dai va dap. 
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M6i loai thi nghiem phai co ft nhat ba mSu gi6ng nhau, cac mSu thu c6 thf? dupe 
pban tfch hoa hoc va phan tfch pho neu thay c5n thi£t. 

Do dac diem cua cong nghe can thep, dac trirng co If cua kim loai can theo hucmg 
doc chieu can va theo hucmg ngang chi6u can se khong giong nhau. VI v&y luc l&'y 
inSu phai danh dau ro hudng tac dong chu yeu cua luc tren mSu do nhu luc no a 
trong ket ctfu thuc. 

Dt? thf nghiem nhanh chong doi voi thep a tren ket cau thuc ngudi ta thucmg dung 
phuong phap dap bi tao vet lom tren b6 mat thep. Phucmg phap nay cho bi£t do cirng cua 
kim loai de tu do suy ra gidi han cuong do cua no vdi do tin cay cha'p nhan duoc. Tuy 
nhien neu muon suy di6n ra tri so giofi han chay thi khong du tin cay. Sai so xac dinh 
gidi han cuong do dua vao thi nghiem xac djnh do cirng bd mat thep vao khoang ±7%, 
con neu suy di6n tir gidi han-cuong do do ra gidi han chay thi sai s 6 ldn d6n ±30%. 

Viec thi nghiem do cirng co the? lam theo thi nghiem Brinell hoac thi nghidm Rockwell. 

Thi nghiem Brinell: 

Tao mot tai trong 3000kg cho vat lieu cirng va 1500kg hay 500kg cho cac mat cat 
mong hay vat lieu mdm, tac dung thong qua mot vien bi cirng co dudng kfnh 10mm 6i 
gay ra vet lom tren be mat vat lieu. Dudng kfnh trung binh cua vet lom la co sd d^ tmh 
ra do cirng Brenell (HB) theo cdng thuc: 

HB = P/ [(ti - D/2)(D - /d 2 - d 2 )] (11.16) 


trong do: 

HB - sd do cirng Brinell. 

P - tai trong tac dung (kg). 

D - dudng kfnh vien bi thep. 
d - dudng kfnh trung binh cua vet an, (mm). 

Tieu chuan AASHTO 7244-90 va ASTM A 370-88 cua My cho sin cac bang tra da 
dupe tfnh san theo cdng thuc tren. Ngudi ta da che tao may do do cirng Brinell xach tay 
de lam thf nghiem dl dang tai vi trf cSu. 

Thi nghiem Rockwell: 


Trong thf nghiem nay, tri sd do cung dupe doc true tiep tir may do. Do cung dupe 
xac dinh can oir vao chieu sau vet an ciia dau nhon kim cuong hoac cua vien bi thep vao 
vat lieu. Trudc tien gia tai biing tai trong phu 10kg de tao vet dn ban d^u va dua ddu dn 
len rdi giCr no dung vi trf tren mat vat lieu. Tai trong chfnh phu thuoc vao thang do dupe 
sir dung va dupe gia tai dan se lam tang dan do sau vet an. Sau do bo tai trong chfnh 
nhimg v5n duy tri tai trong phu, tren may do se cho biet tri so do cdng Rockwell. 

Dua vao tri so do cirng be mat, co the theo cong thuc thuc nghiem suy ra ham lupng 
cac bon trong kim loai mot each gan dung theo day so so sanh sau: 
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- Ham lugng C,% 

0,05 

0,15 

0,20 

0,30 

0,40 

0,50 

- Dd cumg kim loai, MPa 

1100 

1200 

1350 

1560 

1650 

1800 


11.6.2. Betong 

Trong chuong 8 da trinh bay vd cac phuang phap xac dinh dac trimg vat lidu bdtdng 
tren kd't ca'u. 


11.7. XlfLY KET QUA DO VA PHAN TICH KET LUAN 

C6ng viec nay doi hoi trinh dd kid'n thurc va kinh nghidm nhi£u nam cua ky sur thanh 
tra. Thudng ap dung cac phuang phap xd ly thdng kd sd lieu do dac, nhu da duqc hoc a 
mdn hoc toan thdng kd xac sudt. Tuy nhidn nd'u co ft sd lidu thi phuang phap nay khdng 
ap dung duoc. 

Noi chung thuong c5n phan tich cac sd lidu do sau: 

- So lidu thu cubng dd betdng (bang cac phuang phap khac nhau). 

- Sd lidu do dd vong cac ddm chu ducri tac dung cua hoat tai xd'p ldch dd’ suy ra hd sd 
phan bd ngang hoat tai. 

- Sd lidu didu tra va do dd rdng, dd dai cac vd't nurt bdtdng, cac vd't nut trdn kd't ca'u thep. 

- S6' lidu do goc xoay a cac mdi dam thep. 

- Sd lidu do bid'n dang va umg sua't. 

- Sd lidu do dao ddng d£ suy ra tri sd cua hd sd xung kich (1+p) va chu ky dao dOng 
ridng T cua kdt ca'u nhip. 

- Sd lidu thi nghidm vat lidu thdp va cdt thep (nd'u co). 

Trong pham vi tai lidu nay chi gidi thidu mdt sd vdn dd xuf ly kd't qua chu yd'u. 

11.8.1. He sd phan bo ngang hoat tai 


Can ctf vao kd't qua do dd vong giua nhip cau cua cac dam chu (dan chu) dudi tac 
dung hoat tai xd'p trdn cau theo mdt each nao do (hoac chmh giua phan xe chay, hoac 
ldch vd thuong luu, hoac ldch vd ha luu) co th£ ti'nh ra hd sd phan bd ngang cua turng 
dam chu dd tuong ung each xd'p tai da thuc hidn. 

Cdng thufc tfnh toan la: 


01.17) 


ii 

ly. 


trong dd: 


Kj - he sd phan bd ngang cua dam (dan) thuf i 
yi - do vong cua dam thu i 
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n 

^ Yj - t<5ng do vong cua tat ca cac d£m (dan) chu 

i 

n - s6' lupng dam (dan chu) 

Khi tfnh toan lai kdt ca'u cfin phai sir dung hd sd phan bd ngang thuc td' nay chur khdng 
diing trj sd tinh toan ly thuyet nua. 

11.8.2. Xlt ly so lieu do ung bien 


Can cuf kd't qua do bang tenxomet co hay tenxomet didn, dd'i vdi kd't cau thep nhir 
thanh d£m thep co the suy didn ra umg sudt hoat tai theo dinh luat Hook: 

a = E.e (11.18) 

Tuy nhidn dd'i vdi kd't ca'u bdtdng vide suy didn nay phai than trong va chi co y nghla 
tham khao 6 mdc do gan dung vj tri sd' rnddun dan hoi thuc te cua bdtdng cau cu noi 
chung la khdng xac djnh dupe dung. Mat khac ngay ca doi vdi pheta bdtdng chju nen cua 
mat cat, vide suy didn ung suat hoat tai theo edng thde trdn cung gupng ep vi quan hd 
tuyd'n tinh giua cr va e dd'i vdi bdtdng chiu nen chi dung khi ung su4t a < 0,2R U . Trong cac 
c£u cu thuc td' ting suat do ridng tinh tai cung da co th£ vupt qua trj s 6 0,2R U . VI vay khi co 
thdm hoat tai nua thi quan he o va e cang khdng du can cd de coi la tuydn tinh nda. 

Dd'i vdi bdtdng vung chiu keo, edng thde dinh luat Hook hoan toan khdng thd’ ap 
dung dupe. Vi v$y kd't qua do e a vung nay c4n xem xet ky cd thd coi do 14 phep do dd 
rdng vd't nut chd khdng phai la do dd dan keo dai tuong dd'i £. 

Dd noi vd ung suat trong cdt thep chiu keo, nha't thiet phai due bo ldp bdtdng bao hd 
va gdn tenxomet co hoc hoac la didn trd vao true tie'p cot thep nham do trj sd' e cua no. 
Tit do co the dung djnh luftt Hook de tinh ra umg suat cot thep dupe. 

Hien nay trong cong tac do cau d Viet Nam con rat han hum bd' tri do theo trang thai 
umg suat phang ma thudng chi do theo trang thai umg sudt ducmg. Dd'i vdi cac thanh dan 
chju luc doc true cung nhu doi vdi cac ban canh dam, do nhu vay la tarn du nhung dd'i 
vdi phan ban bung dam, ban nut dan va nhung trudng hop ma trang thai umg suat phang 
the hien ro thi phai bd tri cac tenxomet co hoc hoac la dien trd theo cac hudng khac 
nhau de tir kd't qua do suy ra trj sd va hudng cua cac umg suat chinh. 

Xet vi du mot mat cat ngang cau kien nhu hinh 11.29 da dat cac tenxomet de do bidn 
dang thd tai cac diem 1, 2, 3, 4 la £j, s 2 , e 3 , e 4 . Theo djnh luat Hook suy ra cac trj sd 

ung suat Oj, a : , a 3 , o 4 . Can cu cac dac tnmg hinh hoc mat cat (F, l x , I y , Xj, x 2 , x 3 , x 4 , y } , 
y 2 ) va bieu do ung suat nhu hinh ve. 

Ta lap dupe phuong trinh: 
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(11.19) 


— U , 


-4i- — '->4 


N 

M x. yi 

X 

i 

- T 

F 

K 

*y 

N 

__i_ 

M *y, 

M y.« 2 

— ~r 

F 

I x 

Iy 

N 

-h 

M ».y 2 


F 

K 

K 

N 

__i_ 

M *y 2 

^y * 4 

-r 

F 

Ix 

Iy 


( 11 . 20 ) 


( 11 . 21 ) 


(11.22) 


Khi giai hd nay ta tim dugc cac ndi luc N, M x , M y . () d&y c6 4 phucmg trinh ma chi 
co 3 an sd ndn chung ta co kha nang kidm tra dd chinh xac cua phep do da thirc hidn. 
Mudn v&y chi c5n xac dinh mdt ndi luc nao do bang each giai cac nhom phirong trinh 
khac nhau. Vi du giai he 3 phircmg trinh 1, 2, 3 thi ta tim dirge N,, M XJ , M X2 con khi 

giai he 3 phuong trinh 2, 3, 4 lai dugc N 2 , M X2 , M y2 . Chdnh lech giura cac tri so N, vdi 

N 2 , M x vdi M X2 , M y{ vdi M y2 se suy doan v6 sai s 6 do dac va anh hubng cua cac yeu 

to nhu cong vdnh cue bd, ung sudt tap trung, mdmen xo&n v.v... Tom lai dd danh gia sai 
so do dac thi phai tang so lugng didm do bidn dang nhidu hem sd lugng cac yeu to noi 
luc c5n tinh. 


11.8.3. Xur ly ket qua do dong 

Khi thCr tai ddng ddi veri cau, kdt c ua do dugc ghi Idn bang gia'y hoac phim dubi dang 
bidu do dao ddng nhu hinh 11.30. 

Hd sd xung kich thuc td dugc suy ra tCr kd't qua do theo cong thbi sau: 

(1+ p) (11.23) 

y 

uong do: 

y max - dd vong 1cm nha't khi hoat tai chay qua 
y - dd vong tinh khi hoat tai dung y6n 

Mdi tdc dd xe thu chay qua cau se cho mot vi tri sd (1+ p) ri6ng. Do dd khi thu lan 
d5u phai cho xe chay vdi vai tdc dd khac nhau 20, 25, 35, 45 km/h l£n lugt. Thong 
thubng trdn cau oto he sd xung kich ldn nhdl dng vdi tdc do tir 25 - 35 km/h. 


332 



De tim do vong y phai ve them dubng trung binh len bi6u d6 dd vong nhir hinh 11.30. 
Tren hinh do cung giai thich each xac dinh cac thdi didm xe ra vao c<iu. 

Dd xac dinh chu ky T va tan s6 f cua dao ddng tren mdt doan bidu d6 dao ddng thi 
phai dem s6' dao dong n tren ung vdi thai gian t roi dung cac edng thuc sau: 


T= — ; f = — = — 
n t T 


(11-24) 


Cong thuc tren dimg chung cho ca khi xet dao dong cubng bbc va dao dong rieng. 
Mudn ti'nh chu ky dao dong rieng T c dS so sanh vdi trj sd' ma quy trinh thid't ke c&u cho 
phep thi phai dem do tren doan c cua bidu d6 (xem hinh 11.30). 

De doc cac bang ghi dao dong phai co krnh phong dai vdi vach chia cu ly doc chinh 
xac den 0,1mm. 

Trong luc nhdn xet ket qua thu tai phai xet toan dien tat ca cac van de. Chu y phSn 
ttch nguyen nhan va hau qua cua cac hu hong, cac hidn tuong dd vong du va ufng suat du 
cua ket ca'u. Phai co nhan xet vd tudi tho cua ket ca'u. 

Sau khi tfnh toan d% du cac s 6 lieu do, bao cao tong ket c&n lam theo trinh tu ndi 
dung sau: 

- Mo ta ket cau va toan b() cau. 

- Neu cac s 6 lieu tom tat rut ra tu h6 so thid't ke. 

- Ndu cac v&'n dd dac bidt x;ty ra trong qua trinh tin c6ng. 

- M6 ta cac khuyet tat va hu hong. 

- NhSc lai yeu cau va noi dung thu nghiem c£u. 

- Danh muc cac dung cu, thid't bi duqc dung de’ thu nghiem cau. 

* Tai trong thu cSu da sir dung. 

- Trinh tu thu tai cau. 

- Cac hidn tuong phat sinh trong qua trinh thur. 

- Cac ket qua do dac thu tTnh va thu dong b tat ca cac didm do dudi mdi cap tai trong. 

- Phan rich cac sd' lieu co ket hop vdi cac tai lieu kidm tra va dac didm cua ket cau. 

- Danh gia muc do dung dan vd nhung gia thiet tinh toan va giai phap ket ca'u cua do an. 

- Nhung ket luan vd trang thai chat luqng cua cong trinh va kha nang thong qua cua 
hoat tai. 

- Nhung de nghi vd quan ly cong trinh, cac chi dan vd giai phap ky thuat can ap dung 
nham khac phuc nhung sai sot hu hong da phat hien. 

- Kem theo bao cao chung con co cac tai lieu ky thuat phan anh qua trinh do dac nhu 
ho so thiet ke thir tai, anh chup cac dao dong, bie’u do ung sua't va do vong va cac tai lieu 
minh hoa khac. 
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Hinh 11.30. Bieu do ghi duo dong cifdng bile (a) va duo dong rieng (b) 
B - Doan ghi dao dong cifdng bife; C - Doan ghi dao dong rieng. 

T b - Chu ky dao dong cifdng bife; T c - Chu ky dao dong rieng 

De danh gia toe do tit dan cua dao dpng riing can phai tinh h6 so tit din: 

A„ 


ug = In 


( 11 . 25 ) 


-n+I 


trong do: A n ,A n+1 la cac bien do cua dao dong. 

11.8.4. Danh gia va nhan xct ket qua thur tai cau 

Can cur phan tich ket qua thur tai cau co th6 nhin xet v4 cac vin d6 sau: 

- Mure d6 thfch hop cua phtrong phap tmh toan da ap dung. 

- D6 chfnh xac va trinh dp cong nghp che tao kPt ciu. 

- Dac diem cu the ve tac dong cua tai trong I6n ciu. 

- Cac dac trung thurc te cua trang thai umg suit cua cac bo phin va cac moi noi. 

- Anh huong cua nhung yeu to khiz nhau va cac khuyet tit, hir hong den trang thai ky 
thuit cua ket ciu cau. 

- Xac dinh do an toan thong xe qua ciu cua hoat tai eu the hoac hoat tai tieu chuan 
nao do: Trong tai xe, each cho xe qua cau, toe do cho phep... 

- D6 nghi ve cong tac duy tu sura chuta hoac nang cip cau. 

Mure do chenh lech gitra cac tri so tinh ra duroc va tri so do duac cua cung mot dai 
lurong vat ly dupe danh gia bang hi so ket cau: 


’Ik 


Xdo 


( 11 . 26 ) 


Xtinh 

Xdo'Xunh ' c i c tr l s 6 do dirqrc va tfnh duac. 

Cac hi so ket ciu se dung de danh gia nang lire chiu tai thirc te cua ket ciu. 
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Phil luc 1 (chirung 2) 


MAD NHAN DANG CONG TRINH 

Co - quan tlnrc liien kieni dinh: 

Ten can 

116 so nhan dang 
Ngay lap 
So Irang: 

I Nhan dang cong trinh 



Co' quan quan ly 
Clurong ngai vuot qua 
Anil cong trinh (cln'nh dien) 

So' do (rang thai 

Phoi canli so hoa vi trf vdi cac chi dan: 

+ Cac diem moc dirqc danli so 
i- Huong, danli so’, cot moc 
+ Huong dong chay tren song 
+ So danli ti u mo 
2. Cac dac trung t6ng the 

2.1. Dang ket can (mo ta tom tat: He mat can, tru mo, mong.. ) 

2.2. Vat lieu ket can: 

2.3. Kho pliai vuot qua: 

2.4. Cliicu dai cong trinh: 

2.5. Do xion cua cong tnnh: 

2.6. Cac cong trinh bao ve gan ke: (mo ta) 

2.7. Ban kuih cong tren mat bang tuyeii 
2.S. Mat cat doc tuyen (ban chat - do doc) 

2.9. Mat cat ngang tuyeii (ban chat - do doc) 
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2.10. Chieu rong cong trinh giua cac thiet bi an toan (lan can - go ch&n) 

* Chieu rong mat duong xe chay 

* Duong cho ngudi di bo (s 6 luong, chieu rong) 

* Sd lan xe 

2.11. So nhip 

2.12. Khdu do nhip (theo hudng) 

2.13. So tru (trong nude, trong da't) 

2.14. Gidi han tai trong 
Ngay quyet dinh 

2.15. Gidi han khd 
Duong vuot (tang tren) 

Khd ngang Ngay QD 

Chidu CuO gidi han Ngay QD 

Duong bi vuot (tang dudi > 

Khd ngang Ngay QD 

Chidu cao gidi han Ngay QD 

2.16. Gidi han tdc do 
Duong vuot 
Duong bi vuot 

2.17. So do bd tri bieu moc, bieu hien, dan huemg 

- Theo mat cat doc (vdi tru va mong) 

- Theo mat bang 

- Cac mat cat ngang ti6u chuStn (d md, d tru) 

- Cac anh chup va cac so do dac biet (co thuydt minh kem theo) 

2.18. Sap xep dua vao sir dung (md ta, cac moc thdi gian quan trong, cac tai lieu) 

2.19. Trudng hop dlnh chi giao thong tren (hoac dudi) cong trinh 

* Co the chuydn di theo duong 

* Co thd chuyen di theo duong vuot 

* Co hay khong co mot ke hoach to chuc lai giao thong 

2.20. Co hay khong co cac vimg anh hudng tdi cong trinh 

+ Cac dac trung khu vuc cau (xam thuc nude, dong chay, khong khi, nhict do, giao 
thong...) 

* Co nguv co va cham cua vat noi khi lu 

^ Co nguy co va cham tau thuyen, xe co vao he mat cau va tru 
3. Thiet ke xay dung 

3.1. Ngay thang xay dung 

3.2. Ngay thang dua vao khai thac 

3.3. Moi trudng va cric chi dan vd dia chdt 

3.3.1. Danh gia ve su on dinh cua vung dat co lien quan 

3.3.2. Thuy van (nude ngam, chd do nude....) 
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3.3.3. Duong va cong trinh can eld co b gan 

3.4. Xay dung 

3.4.1. Co quan xay dirng 

3.4.2. Cac xi nghiep tham gia xay dirng 

3.4.3. Cac gia thief ti'nh loan (cac quy trinh, nhChig diem dac biet) 

3.4.4. Ban chat, nguon goc cua vat lieu xay c4rrng 
Cac ket qua thi nghiem kiem tra 

3.4.5. Phirang phdp xay dirng va thi cong he mat cau 

3.4.6. He thong choiig gi (thanh phan) 

3.4.7. Loai mat cau (ban betong, ban true hubng, ban khong liSn tuc) 

3.4.8 Cac sir co thi cong 

3.4.9. Tang phong nude (loai. vi trf) 

3.4.10. Ldp phii mat cau (loai, chieu day) 

3.4.11. He thong thoat nude (mo ta, vi trf) 

3.4.12. Go'i cdu (so luong, loai dang) 

3.4.13. Thiet bi tren cong trinh (loai, vi trf) 

3.4.14. Cac he thong khac tren cong trinh (ban chat, kich thude, sir chira cho) 

3.4.16. Cac thiet bi theo doi cong trinh (ban chat, vi trf) 

3.4.17. Cac thiet bi pha huy cong trinh (ban chat, vi trf) 

3.4.18. Cac chii y dac biet 

4. Trang thai tham khao, sir boat dong ciia cong trinh 

Ddi vdi mdi muc sau day can danh so, mo ta ngan gon va trich dan cho ho so cong trinh. 

4.1. Trang thai tham khao va cac dac trung thong bao trong cac tai lieu tong ket cac phan cua 

ho so. 

4 2. Cac nghien cuu, tin' nghiem, khao sat kiem dinh (ngay thang, ket qua) 

4.3. Cac ghi nhan vi hu hong 

(Thai gian, ban chat, vj tri, phat trien cac kha nang xay ra) 

4.4. Gia tai mat dudng (tTnh tai) 

(Thai gian, phuong phap, chi^u day do tai did) 

4.5. Duy tu dac biet va boat dong sua chira (llidi gian, ban chfit, vi trf) 

4.6. Du an nang cap cong trinh (mb rdng, ndn thdng) 

4.7. Cac diem dac biet 

(Tlurdng xuyen tham nom cac tru ngam trong nude, cac ghi chep vi bie'n ddi dja Ihnh, tham 
nom chi liet. nhung ngudi giu khoa cac loi tiep can dac biet cua cong trinh...) 

5 Thu muc 

- Ban do dia chat (so, ngay thang, ho so trich de\n) 

- Ban do dia hinh (so, ngay thang, hd so trich dSn) 

- Anh trac dia hang thang (so, ngay thang, tai lieu tham khao) 

- Trich dan cac boat dong lianh chinh lien quan den cong trinh (cac thoa ude quoc te, phi 
khai thac). 
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Phu luc 2 (chirong 2) 


MAU BAO CAO KIEM TRA HANG NAM 


Caquail tieii hanh: Chi so nhan dang 

Kiem tra: Ngay lap bao eiio 

To so: 

Bao cao kiem tra hang nam 

Bien ban nay gom.... trang. Moi trang phai dirge ghi chi so nhan dang va ngay lap bao cao. 

1. Nhan dang cong trinh 


Chi’ so nhan dang 



Tinh 






Nguon goc vii ten cong trinh 



Anh chup cong trinh (neu co) 

2. Ly 1 ich cong trinh 

2.1. Ciic tai lieu (thani khao) trfch dAn 


- Ngay thang xay dung cong trinh 

- Ngay tieii hanh kiem tra hang nam gan nliat 

- Ngay kiem tra chi tict gan nliat 

- Ngay thang cun Ian kiem tra theo quy trinh cubi cimg co lien quail den cong trinh 

- Ngay kiem tra gan nliat doi voi cac mong trong nuoc 

- Ngay kiem tra gan nliat cac tliict bi co kin, diem co dicn lap dat tren cong trinh 

- Ngay tilling va noi dung can thiep gan nhat doi voi viing anh liuong ciui cong trinh 

- Ngiiy tilling gim nhat ra ciic tiii lieu thong biio 

2.2. Ciic nhan xct \ii cong vice can thiep vao cong trinh lit khi ticn hanh kiem tra hay kiem 
dmh gi'in nhat (mo tii. tlidi gian, tai lieu (ham khao v<5 ho so cong trinh) 

2.3 Cong vice duy tu dac bict va ciic siia churn da tieii hanh tir lan kiem tra hang nam gan nhat. 

2.4. Cac dot do dac, tin' nghiem tieii hanh lit Ian kiem tra, khao siit gan nhat (mo ta. ngay 
tilling, tai lieu tham khao vc cong trinh): 

3. Ciic dieu kien kiem tra 

3.1. Ngiiy kiem tra 


■j o 




3.2. Nhom kiem Ira (ten va dure ming) 

3.3. Nbirng thank vicn tham gia kicm tra kink (ten. eh ire nang) 

3 4. Plurang tien thirc hien (phuoiig tien liepcum tm hicu lam thdi) 

3.5. Cric didu kien khi quyen (nhict do. lirpng mira trong thring trirac ngay kiem tra) 

3.6. Cac didu kien dac biet cua vice kiem tra (cac kho khan, cac sir co) 

4. Cac nhan xet 

Mdi mot nhan xet ciin thiet phai khoanh vung, mo ta va neu co the dira ra cac chi d5n bang so 
(chicu rong, chibu dai. dien ti'ch. kho md va neu can thiet ve clnip anh dinh kem) 

4.1 Vung anh Inrdng tiep can cong trinh va vung dan vao can 

4. i. I. Khoring rong vung kicm tra 

4. i .2. Vung ddn vao can va vung ticp can cong trinh 

- Dat dap, mai doc, phan tru non. kc da (sir on dinh, ranli xoi. lun, xoi mon, di vat khac...) 

- He thong dan va lieu nude xung quanh cong trinh (ton tai ban chat hoat dong...) 

- Duong va lop nlur dudng dau can (mil, xop, hoc tach, loin, cac her hong dac biet). 

- Cac ket can cua dudng dau can grin \di cong trinh (bac thang. sir lun, tu nirdc). 

- Cric thiet hi brio vc (tdn tai, ban chat, sir thang hang, tinh trang). 

- Cric nhan \c'\ khac (chuvcn dich hay nghieng ngri khong binh thudng cua cay coi, cot dien, 
cot day dien tloai, cric dorm siic sat co the gay hu hong cong trinh, cric van de khric, cac cong 
vice tien lirinh uung quanh...) 

- Cric cong trinh phu tip (cric cong trinh ngrim, cric tuyen khai thric, hay cric ngudi khric dupe 
quydn khai thric tuyen) 

4.2. Trang ihrii eliuiig ciia lie hull er\u 

4.2.1. Trac doc tong the cua cong trinh (tinh thang hang, su dirt gay neu co ciia Ian can, tinh 
bang phang, can < ldi, neii can dinh kem vdi brio erio nay) 

4.2.2. Dudng -.'a ldp rio dudng tren eriu (mil xop, cric hu hong dac biet, ldfp phu them ): 

4.2.3. Dudng ngudi di ui gd chan banh (tinh thang hang, kin silt, dirt gSy, thieu chi tiet, viec 
so srinh chidu cao gd chan brinh thuc tc vdi thieu cao trong lid so thiet ke cho phep kiem tra vide 
mat dudng da iluoc plni them hay clnrri). 

4.2.4. Cric thie t bi brio ve (co hay khong, ban chat su thang hang, trang thrii). 

4.2.5. Cric he 1 hoiig ilutru khric (co hay khong, ban chat vice sir dung trang thrii...) 

4.26. Cric thiet bi theo ddi, cric thiet bi kicm tra sir can bring (co hay khong, tinh trang. mo ta...) 
4.2.7. Cric \ail de khric (sir hien dien cua cay co, cac vrin de khric...) 

4.3. Tinli tmii'it chdng gi cong trinh (chi ro cric r ung co khuyet tilt vd gi) 

4.4. Thir ngiie-m drim clni 

4.4.1. Cric c4u:g trinh bring sat, thep. 

- Bieii dang drum clni hay cric chi tiet drim chu (mat on dinh. nghieng lech, bie'n dang tire thdi...) 

- Tinh tram; lien ket: 

e 

+ Cone tr inh lien ket dinh tan hay bulling (dirt gay hay thieu dinh tan, buloiig): 

+ Cone trinh lien ket dinh tail hay ban (nirt do nidi) 
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4.5. Mat cdu 

4.5.1. Mat cdu la ban betong cd't thep, la vom gach cudn (tham nude, co thach nhu...) 

4.5.2. Mat cdu kim loai (nut...) 

4.6. Goi cdu (trang thai, tfnh di dong...) 

4.7. Khdp gd'i (tinh trang, hoat dong): 

Doi vdi cac muc tu 4.3 den 4.7, noi dung liet ke chua ky, co the tham khao tai lieu “cac hu 
hong ben ngoai cua cac cdu kim loai”. 

4.8. Mong 

Cac bieu hifen ve sir van dong cua mong, trang thai ngam, su xdi, gi, cong tac vet bun nao 
sach cay rac, trong trudng hofp co the’ khai thac Ioi khuyen cua cac thp han. 

4.9. Cac thiet bi vao kiem tra va bao duang: Cua vao, (hang day, san do, bac thang chieu sang 
ben trong (co hay khong, tinh trang an toan). 

4.10. Cac thiet bi a ham neu co (trang thai, thoat nude) 

4.11. Cac cong trinh phu tro. 

4.12. Cac vd'n dd khac. 

Cac thiet bi co khi, co dien neu co (sir ton tai, trang thai, van hanh). 

4.13. Cac ghi chu khac hay cac van de chung 
(Su luu hanh tai trong nang bat thudng) 

5. Ket luan 

5.1. Nhan xet, khuyen du, quan diem neu co: 

Chu ky cua ngudi phu trach 
Kiem tra, ngay.thang. 


5.2. Nhan xet cua phan khu quan ly: 

Y kien ve trang thai cong trinh chi dan ve cac du lieu tiep theo hay de nghi du lieu cho vice 
kiem tra hang narn. 

Cac quyet dinh co lien quan tdi viec duy tu thudng xuyen 

Cac de nghi duy tu dac biet 

Cac de nghi ve kiem tra them 

Cac dd nghi kic’m tra chi tict dac biet 

Cac de nghi khac 

Chu ky cua phu trach phan khu 

Ngay. thang. 

/ 

5.3. Phe duyet va chi dan ciia kv sir quan ly vung doi vdi phan khu 
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Chu ky cii;t ky su quan ly vimg 
Ngay.thang. 









Phu luc 3 (chirong 2) 


MAU BAO CAO KIEM TRA CHI TIET 
(Dinh ky hay dac biet) 

Man ray ap dung de kiem fra chi tiet dinh ky hay dac biel, trCr cac loai kiem tra khac nhir 
kicm tra chi tiet trude khi het bao hanh... Doi vdi cac h'm!i ‘hue kicm tra do, cac can bo kiem tra 
co the thay doi va sifa chua mot so noi dung trong man nay cho phu hop vdi muc dsch kicm tra. 

Kiem tra chi tiet neu trung vdi ky kiem tra hang nam thi ket qua cac diem kicm tra hang nam 
khong ciin trfch dan vao neu khong co bie'u hien thay doi. 

Ca quan tien hanh Chi so nhan dang 

Kiem tra Ngay lap btio cao 

Ter so: 

BAO CAO KIEM TRA CHI TIET 


Eao cao gdm trung, moi trang can ghi so chi so rihan dang va ngay lap btio cao: 
1. Nhan dang cong trinh 


Chi >o nhan dang 



Tinh 





Nguon gdc vii ten cong trinh 





- Anh chup cong trinh neu co 
2. Cac dac tinh chung 

2.1. So do co ban 

- Mat cat doc 

- Mat bang 

- Mat cat ngang 

- Mat bang chi tiet (can thiet de liieu btio cao) 

2.2. Anh (ngay chup va lai lich) 

3 L yhch cong trinh 

3.1. Cac tai lieu trfch dan 

3.1.1. Ngay xay dung cong trinh 




3.1.2. Ngay kiem tra chi tiet g^n nhat 

3.1.3. Ngay va noi dung cac hoat dong theo doi cong trinh tien hanh tu: lan kiem tra chi tiet truoc. 

3.1.4. Ngay kiem tra theo quy trinh lan cuoi cung tren cong trinh thudc ITnh vuc cong cong. 

3.1.5. Ngay va noi dung ki£m tra cac mong trong nirac gan nhat. 

3.1.6. Ngay va noi dung can thiep vao vung anh huong cong trinh gan nhat 

3.1.7. Ngay cong bo tai lieu m6 ta (hinh dung bieu) gan nhat 

3.1.8. Ngay cong bo ke hoach kiem tra chi tiet gan nhat. 

3.1.8. Ngay kidm tra viec lap dat cac bo phan ca khi, dien, dien co gan nhat tren cong trinh. 

3.2. Nhung nhan xet va cong viec da lam tir Un kiem tra cuoi cung. 

Liet ke ngay thang va trich dan cho ho so cong trinh voi su giai thfch trong khuon khd van 
dong (phat trien) cua cong trinh. 

3.3. Cac cong viec duy tu thirong xuyen, dac biet hay cac cong viec sura chfra tir ISn kiem tra 
chi tiet gan nha't. 

Liet ke ngay thang va trich dan cho ho so c6ng trinh, danh gia cac ket qua nhan duoc. 

3.4. Cac dot do dac va thi nghiem khac da tien hanh ke tir Idn kiem tra chi tiet gan nhat. 

Liet ke ngay thang va trfch dan cho ho so cong trinh voi viec giai thi'ch cac ket qua trong 
khubn kho van dong chung cua cong trinh. 

3.5. Tien trien (van dong) cua cong trinh triroc khi ki6m tra. 

Phan tich co xet den cac chi dan va dinh huong tir tai lieu tong hop cua ho so cdng trinh (h6 
so 1 va cac bao cao truoc do 2). 

4. Cac di£u kien kiem tra 

4.1. Ngay kiem tra 

4.2. Don vi kilm tra: ten, chuc nang 

4.3. Nhung ngtroi tham gia kiem tra khac: ten, chuc vu 

4.4. Phuong tien thi cong (loi vao, tin hieu, xu6ng, thang, cac vat tu khac). 

4.5. Dieu kien khi quye’n (nhiet do, luong mira thang truoc khi tien hanh kiem tra) 

4.6. Cac di6u kien dac biet cua kiem tra (kho khan, su co...). 

5. Cac nhan xet 

MSu bao cao kiem tra hang nam (mfui 2) liet ke cac diem can kiem tra. 

Ngoai ra cdn quan tarn: 

- Khiii qinit trang thai chong gi cdng trinh 
’! htr chi tiet cac Im ket 

6. Do dac, thi nghiem, ghi nhan thuc trang 
So do hoa ket cau 

- Dung biia kiem tra gi ve phia trong cac lien ket 

- Nghien cuu ky luong cac vet nut do moi (trong trudng hop vet nut da duoc ghi nhan trong 
qua trinh kiem tra hang nam). Kiem tra bang chat long goc dau. 
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7. ( ac tai lieu ban ve, anh chup 

8. (iiai thi'ch chi tiet tat ca cac quail sat da ducrc thirc hien 

9. Ket hn)n 

9.1 Danh gia trang thai cong trinh va sir tien triifn cua no 

9.2 Cac db nghi sua doi hay cong bo 

- Ciic tai lieu ve tm hieu 

- Cac ho so cong trinh. 

9.3 Cac de nghi co lien quan den viec duy tu thudng xuven tuy thuoc vao thu 1 tir iru tien. 

9.4. Nhung yeu citu cong viec duy tu dac biet va nhirng sua chCra can thiet hay tien hanh tuy 
thuoc vao thu tu uu ti6n. 

9.5. Chu ky cua can bo chiu trach nhiem kiem tra chi tiet 

Ngay.thang. 

9.6. Nhan xet cua phSn khu quan ly. 

- Y kien ve trang thai cong trinh 

- Chi dan cac du lieu tiep theo hay de nghi du lieu cho viec kiem tra chi tiet. 

* Cac d6 nghi ve duy tu dac biet. 

- Cac dfe nghi theo doi them, 66 nghi nghien cuu hay dd nghi sua chua. 

- Cac db nghi khac. 

Chu ky cua phu trach phan khu, ngay thang 

9.7. Phe duy6t va chi dan cua ky su quan ly vung doi voi phftn khu 

Chu ky va cua ky su quan ly vimg 
Ngay. thang. 
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Phu luc 4 (chuong N) 


TRINH TU TIEN HANH XAC DINH DUONG KINH COT THEP 
BANG MAY DO DIEN TU IZC-3 

(trtch Tien chudn xay dung) 


I. Xac dinh vi tri va chieu day lop bao ve cua cot thep 

Dat dau do tren mat belong ciia cau kien, theo cac thang do cua may boat dirong quan he lieu 
chuain. xac dinh mot so gia tn chieu day lop betong bao ve X, doi voi timg loai durong kfnh cot 
thep tir day dirong kinh dirqc dir kien co the dirqc sir dung lam cot thep ciia cau kien. 

Giira dau do va b 6 mat belong dal mot tarn mong co chi6u day d (vi du bang 10mm) va lai 
tien lianli do xac dinh khoimg each tir diiu do den cot thep Y, doi voi moi dirong kinh co the co 
cua cot thep. Voi moi dtrdng kinh cua cot thep so sanh cac gia tri do dirqc X khi chira co mieng 
ke voi gia tri Y, la gia tri may do chi thi khi co mieng ke. Doi voi dirong kinh cot thep can fim 
thi hieu so D, ciia Xi voi Y, phai la nho nhat. 

II. Vi du tinh loan xac djnh rlubng kinh cot thep 

Gia thiet cau kien co cot thep dirong kinh tir 6 den 16mm. 

Dai chieu day lop betong bao ve tir 10 den 30mm. 

Sir dung may IZC-3 co thang do trong cac gia tri ciia chieu day Ibp bao ve doi voi tirng dirong 
kinh cot thep. 

Tien hanli do khi dat dau do ten mat betong va vbi cac tarn ke d =I0mm. 


Bang 1. Ket qua do va tinh gia tri l)j 


Kich thifo’i tinh hang miliniet 


Ki hieu 

Cac gia tii nhaq dirqc, doi voi cot thep co dirong kinh la 

6 


10 

12 

16 

X, 

<s 

L— 

l> 

10 

1 1 

13 

Y: 

5 

6 

8 

10 

1 1 

D. 

3 

3 

2 

' 

2 


So sanli cac gia tri thu dirqc qua cac Ian do Xi va Y,, D, = X, - Y, = I (gia tri nho nhat) cho 
thav rang dirong kinh cot thep la 12mm. 
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